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SURE OF THE JUICES OF THE POTATO PLANT’ 
By B. F. LuTMAN 


Plant Pathologist, Vermont Agricultural Experiment Station 
INTRODUCTION 


The observations made by the author? during the summer of 1918 
have been continued during 1919, 1920, and 1922, and greenhouse 
readings were taken in 1921. The data obtained from juices produced 
during seasons of varying character and from a number of varieties of 
potato will extend the knowledge of one internal factor of annual plants, 
since no previous investigation seems to have covered such a lengthy 
period of time for one plant. Unfortunately, it was not possible to make 
any cryoscopic determinations during 1921, owing to other work; this 
was particularly regrettable, as 1921 was a very good year for the pro- 
duction of physiological tip burn of typical form. 

As the literature on this subject was discussed in the report of the 
earlier work, it is unnecessary to refer toit here. It may be stated, how- 
ever, that the work in 1918 was an attempt to ascertain whether the in- 
ternal osmotic pressures of the juices from different parts of the potato 
plant varied in such a way as to be a possible factor in the production of 
tip burn. The readings seemed to show that although the juice of the 
growing leaves has a higher osmotic pressure during the early part of 
the season, the stems attain a still higher pressure as a result of the 
accumulation of sugars in the sap during the height of the activity of 
the plant, when the flowers and young tubers are being produced. It is 
just at this time that tip burn of the physiological type appears. 

The writer is again indebted to Mr. R. L. Gale for the sugar determina- 
tions made in 1919 and for assistance in the cryoscopic determinations 
during that year. The methods used have already been described. 
The results obtained, while probably not absolutely accurate, as the 
material was not frozen before grinding and no pressure was used in 
extracting the juice, will give a fairly correct determination, as the 
same methods were used throughout and the readings obtained were made 
for comparison with each other only. These data are shown in Tables 
I, I, Ill, IV, and V. 
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TABLE I.—Comparative cryoscopic readings in 1919 





| Depres- 
| De- v3 
: sion in 
Material. ne pot 
* | pheres. 


Remarks. 





slightly wilted; 
slight tip burn 
on some plants. 





" 
Young leaves...) 0. 915 * " aes leaves 


Tip burn devel- 
oped in past few 


| 
July 21,9a.m...| Hotand muggy | wes toe é | 
oO 
days. 


erson Aug. 8. | 
Sedovepessdaguanas Jovseeseeeeeeeeeeel 


Shaded emt 


Aug. 7, 10 a.m. | Dry, but show- i as ¥ 
grown in tiles. 


tiles in the open. 


Leaves slightly 

— and yel- 
‘| Tips ~" tubers. 
| Butts of tubers 


|r Plants grown it 


| Inside oftuber| . : ‘ ‘ Same as Aug. 12. 
| Outside of tu- | . 3 
ber. 


Young leaves. . 





Healthy plant. 


>Mosaic plant. 


.| Clear; rain on 

Aug. 19 and Sample No. 1 from 

i heavy clay loam 

- Randolph, 
t. 





Sample No. 2, from 
another part of 
the same field. 





8 
jatathy plant. 


Mosaic plant. 
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TABLE II.—Comparative cryoscopic readings in 1920 





| | | Depres- 
Weather. | Variety and portion of plant. | 


Depres- sion in 
sion. | atmos- 
pheres. 





White McCormick (mosaic): 
Young leaves. ©. 648 | 
Stems - 626 
| Pink McCormick (mosaic): 
+ 588 | 
- 614 
; Old seed piece - 614 
Dibble’s Russet: 
} Young leaves. - 614 
- 486 
Old seed piece 
| Early Rose (healthy): 
| Young leaves 


Old seed piece 
Burbank (healthy); coming | 
into bloom: 
Young leaves... 


young leaves............ 
Stems. 
Old seed piece 
| Early Rose (planted June 2s, 
plants just out of ground): 
Tops (all above ground). 
| Old seed piece 
Dibble’s Russet: 


Seed pieces 
Burbank, full grown, in bloom; 
no tip burn: 
Leaf axis 
Inside of leaflets 
Outside of leaflets 
Lamb’s quarter: 
| Growing tips and small 
leaves. 


in bloom): 
Young leaves 
days same. 
Ss deEs Op HEASCCON NOTES RESeRHeREDSen | Old leaves 
Leaf stalks 
Stems of plants 
New tubers (size of 
hulled walnut). 
Early Rose, some in bloom: 
Young leaves 
Petioles and old leaves. . 
Stems of plant 


Lettuce, plants with short 
stalks: 


Dibble’s Russet: 
Hot and dry but no tip burn; Young leaves 
atmosphere hazy. 
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TABLE II.—Comparative cryoscopic readings in 1920—-Continued 





Depres- 
sion in 


Weather. Variety and portion of plant. atinée- 





Dibble’s Russet: 
Aug. 8, 3 p.m... “Hot and dry but hazy sunshine; Young leaves 
° F.; no tip burn. 





Early Rose plants from garden; 
old leaves are yellow and 
dying: 

Young leaves 





Green Mountain: 
| Hot, dry, clear; no tip burn as Young leaves.........+. 
yet on these plants. 





Green Mountain plants under. 
shelter: 
Young leaves 
Old leaves 


Hot and dry; brilliant eo 
plants with large fruit. 





Old leaves (yellowing 
... an cases). 





Wind from north; cool in shade. Young leaves 
Some tip burn on these plants. . Old leaves 


New tubers 
Dahlia: 
Aug. 19,3 p.m.. Hot and dry; potatoes show Buds and tips of stalks... 
some tip burn. | 


| Lettuce plants lengthening 
into stalks: 


Fg MELURETEL TCT 
| Green Mountain potatoes 
grown in open in tiles; all 
blossoms fallen: 
| Fairly warm and bright; a little | Young leaves 
yellowing and tip burn on 
older leaves; none on younger 
leaves 


Green Mountain potatoes 
| in tiles under shade: 
Young leaves 
Old leaves 


Tubers 
| Early Rose; no blossoms: 
Hot and clear; fairly dry; plants | Foliage 
of July 30, 6 to 8 inches high. 


: pi 
| Green Mountain plants show 
buds 8 to 9 inches high: 
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TABLE II.—Comparative cryoscopic readings in 1920—Continued 





| 


Depres- 
Depres-| sion in 
sion. | atmos- 
pheres. 


Date. Weather. Variety and portion of plant. 





New tubers ‘ 
Artichokes from garden; 
growth had ceased: 
Young leaves and tips of 
stems. 
Older leaves and petioles 
Stems 
Young tubers 
Dibple’s Russet; no growing 
leaves. Medium-sized leaves 
of— 
Hot in sunshine; some haze; Foliage... 
some tip burn; tubers over a 
pound in weight. 


Tubers. 
} Burbank: 
108 | Sept. 14,3 p.m..} Cool and cloudy; rain for 3 or 4 Foliage... 
days; plenty of tip burn and 
some blight; some yellow 


Tub 
Dibble’s 








Depres- 
Depres-| sion in 
sion. | atmos- 
pheres. 


Remarks, Variety and portion of plant used. 





Burbank: 
Aerial portions 
Seed piece. 
Roots 
Early Rose: 
Aerial portions 
Seed piece.... 
Roots..... 
| Burbank: 
| Leaves 
ee 
Seed piece. . 
Early Rose: 


Seed piece 

Green Mountain: 
8 | Plants 8 to 1o inches high; new Bien tivnsetecernines | 
tubers size of pea. } 


Seed piece 
Burbank: 
Large plants past blossoming; some Young leaves............... 
of old leaves yellow; new tubers, 
size of a hulled walnut, 


St 
Seed piece 
New tubers 

Early Rose: 
TAVEB. cceccccvcrvcveccccces } 
a eee rere ee 
New tubers 
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TABLE III.—Readings in 1921; plants all grown in the greenhouse—Continued 





















































| | | Depres- 
I . . : Depres-) sion in 
No. Date, Remarks. | Variety and portion of plant used. cine. | atwace- 
| pheres. 
} | 
; 
| | Green Mountain: | 
26 | May 31 | Hot in the greenhouse; the plants | OE HEI. occ cereccccecs 0. 749 | 9: 02 
mature and yellowing; very hot | | 
| nm May 30. | 
re Sco. WAR eR ORR Rann PemReaneahhasanel I Ris sccecsccsteves +756 Q Ir 
BE Wwawede kn RNNS Ka WW AYO DA eee deed cmd eees ea ba Nias vancccanccdeucwes + 546 6. 58 
St eee RR eran inl) Armes II, 5 10% eewnvesees + 466 5+ 6a 
| Early Rose: 
Pt i a ee Diss censs eceewlesdeces +703 | 8. 47 
OU Ns icde chesalyh Ue shige eenbovessss sspesanhesheCeness ML XK cients svacsaceseude - 644 | 7-76 
Sy RRR oy ort Lipid dhecale SA Sumo eee Nise eves ae Mery seb riwicescecnene - §33 | 6. 48 
Burbank: | 
33 | June 22) Hot in the greenhouse; only a tuft | iis icakenedaseeenenn + 697 | 8. 40 
| of green leaves left on each branch; | 
| soil dry. | 
MN iccdcdsdecle ecb. c6es Veer esse bidbescucseseoossnan + 388 | 4- 68 
BS Jovccccrcveleces coeseceseseseressreseresereserees +497 5-99 
BG fa ccccccnccfocce ccccccccevevsceeesnvesecoseccvses +778 | 9 37 
BF 1. cneveenselecessase se + 498 6. 00 
BP Es aca cKaae phe 000 0d.cacendevetacvete® +493 5-93 
an —_ 
TABLE 1V.—Readings of plants all grown in the greenhouse in 1922 
De- 
De- pres- 
No. Date. Weather and remarks. Variety and portion of the plant. pres- | sion in 
sion. | atmos- 
pheres. 
| Green Mountain: 
1 | Apr. 4) Plants not over 1 to 12 inches high.. RS och cabs DheAeaaens 0. 651 97. 84 
DE. senan ead leesaaes bhend 6, bebanekeuk ahabandinvess | Ne - 601 7: 24 
Early Rose: 
win ton pudiveidsneatsesGsbavsuteask sn cesnansete Sprouts hme nS etencedncereuce + 633 7-63 
SG iis SHS MICls.5 459 doc en'sb ON «Lee beubEsae he co crtere IS 5.6 0/0 dVscvcdvavae + $33 7-44 
| Burbank: 
El SE ee eee ey ey reer cri Sprouts chia tebe whee shee oan + 629 7-58 
De lihvnccsion she Gs.deseansedeSs-siaG sepa avacaeed parte EN, 6 oc acosabechenuc | + §63 6. 78 
| Dibble’s Russet: | 
lst cashduedhk ae asnnd saad he ee die Dwenaaics 0 SESS ae ee | 2924 8.72 
2D Re: Se ere re eee ee hoe aD, | Seed pieces ai + 583 7.04 
Early Rose: | 
9 | Apr. 27 | Plants show flower buds and young | eer ere | .893 10. 73 
tubers. | 
PE Re vscnnkaanirhonwat oesw@ians< chs Ques mmetensraes | Stems ee ET ere | +741 8.92 
Sirls's Nosbaclltecandukianercabacectes :< aie been ee ee ere | 509 6. 13 
Dibble’s Resest: | 
pRURGRSES POSS RAW AS aCe cess | ee 795 | 9: 57 
RECT EE Ee ere STEMS... ceescecscesccecoes| 628 9°87 
sig SRR ARETE DCs Sic ARteernleeenss SAiiak Meee a tse Seed pieces. ........++0++++5| +491 | 5-92 
Burbank: | 
TEETTTT TT LETITIA Pere MIN £0555 pec voce usinvasit 778 9: 37 
Pe Ere eee Ty TOO ree ee OT EES aa 8. 88 
i beedeaawle <n neweewnsdes ss o56AMennmeehs Beeen Seed PUOCE....ceccccccccccel § 3QOF] 5-99 
Green Mountain: { | 
BB |. cccccccceleccccecccecvecscvcccceneseseeverecees TIORVES. occ cccccsescvccccoves | +860/ 10.36 
DE Sik wineanteieSietiadeies sens chureeimerv ear eeranne CK sc .ntuchs oxreenspesee | 9767 9: 24 
Ps oc ccbhbclsnscnnveeennt 60 ssin0500 cc tttehexenep Src | 630 759 
| Burbank: | | 
at | June 27 | Hot and fair; tubers large with | II gioco dye > hoard +895 | 10. 78 
skin set; soil dry; old leaves yel- | 
low and beginning to die. | 
ibd. iv: ccdinsesliaasacdndves <-> pveameeiaess ose Older leaves. ........+.+++++| 828 | 9-97 
RE REE, SPREE RE ere Rar 5 fer ea | RE BEND s cccctcasscionece +758 | 9. 13 
DEN ccdvanta ivassandguameocseieeuauaces sees a | Rae 590 911 
OE loc vdcbadeclccscessesng oesansvecunweddhiacess sl EY os cece cdeeeeese 359 4 33 
OAs cccaswess ER BR Ap SRO EER ie | RS ss och oekie bbs bene 576 6.94 
| Early Rose: | | 
MO. canto acts do bins eden eugene >) ceeded inbacs TENOR, 4... o busececces | 822 | 9:90 
OP de cenadsbedlonssedciantustes.6o4scadeuntgonet suena Old leaves. . See e canes hoe 771 9: 29 
ERS RN IE ISR! TR Ra eke epee ree” Cri h | Upper stems................ |. 469 9. 26 
OSs 6 vcieen ccds aun unbese Pa 6 icuntuns caw menos os 6a | DEMO, . ovcvcacccenese | 666 8.02 
Ee ee ee errr te ee Comey | a ae 764 | g. 20 
Ue coat adan dts aics carasd cand ava ceaNO CCCs Re OnUTRT | PRN As 5 ss dasipreskccuae | .§29 6.37 








Conan Usewwnn 
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TABLE IV.—Readings of plants all grown in the greenhouse in 1922—Continued 

































































De- 
De- | pres- 
No.| Date. Weather and remarks. Variety and portion of the plant. | pres- | sion in 
. sion. | atmos- 
| | pheres. 
a ae 
| Green Mountain: 
| Young leaves. .....ccscccess ©. 991 II. 93 
2) eer I. O10 12. 05 
ID cccinnccccececes - 808 9- 73 
EE wa daccccecdeesé - 752 9. 06 
: Ns dé dn dbktawdeeed + 709 8. 54 
| Dibble’s Russet: 
4 , Se ae +950 Il. 44 i 
’ SE cercccantecces ach +953 11. 48 
; i... pr - 815 9. 82 
pT Perr er eee +749 9g. 02 | 
) PROWe CINE 6 0 ce cedccccscecs +631 7.60 
ee a ee ee ee j 
) 
) TABLE V.—Comparative cryoscopic readings in 1922 | 
Y ' 
: ! 
‘ Burbank: } 
| 1 | July 12 | Hot and clear; 87° F., notip burn... Young leaves. .. ..cccccccecs ©. 706 8. 504 } 
2 CEES eds dcaseues eof = 74 8. 732 { 
3 a oS te | 6718 | | 865 i 
4 Old seed piece............... | 305 3. 68 i 
5 PO vnc ccsdvcccvenees | .§81 7.00 i 
Green Mountain: j 
EY ci casnddeocned - 677 8. 15 } 
SS 5 cciak cancsaseed - 920 Ir. 08 ' 
 cddatécrhaccedeensesa | .802 9- 66 ' 
oe eee ae | 4555 6. 69 ; 
| Dibble’s Russet: i 
IO |occcccvere Leaves all of same size on the plants; WOMME MAGES... oc ccccegecce - 691 8.32 j 
no tubers. 
MEN... 05s tecbs'eg deus -76t | 37 
‘ Stems. coves sucvccsesocese + 659 r94 
: Irish Cobbler: 
13 | July 26 Bright and warm in sunshine, but WO MING 5. v cccccccccccs - 646 7.78 
| cool in shade and at night. 
. | 14 CR. 05 « cccecdasnnecte 728 8.77 
DDL < Seo oesesccdets ceccot - 786 9 47 | 
I «6 cron ss econneas + 565 6. 81 : 
, Green Mountain: i 
Wome MIG. «iin de cvtdetisi +407 4-91 
Old leaves... . « 788 9-49 
Stems....... ceccce] +847 | 10.20 
20 | NR iow waxenceceaees - 481 5- 60 
| Dibble’s Russet: 
OR dita mabetanid berate. aithieiacatareriiard Young leaves. .............. - 456 5-50 
22 |  dbtedée beianaecémennhas cane ao epinsaneesiian CD a nccesavinssseuss -812 9. 78 
OD livecddscdaloceevapaceusceue ccedessede coudganaa® WROD Fos ccddtevciodsscuccd . 763 9. 19 
RE Lecknesseretuvnnd tonqeigs Cases enact ennbesuqtasyiees No rc nvdedinéenil - 506 9. 10 
| Green Mountain: | ‘ 
a5 | July 27 | Hazy, bright, cool; plants grownin WR IUGD,. 0. o ns csiee cies - 562 6.77 
tiles and watered regularly. 
Old leaves + 787 9 47 
SE cng nccaseguccnes Kee +738 8. 79 } 
New tubers eee 439 5+ 29 
Old seed piece + 257 3-10 : 
: 
, ) eee ee Plants grown under a cloth shelter Young leaves............... +357 4 30 j 
| in tiles and watered regularly. 
- 613 7-37 i 
+ 698 8.41 } 
333 4-08 
34 | Aug. 9 | Clear and bright but very cool; no nandnecances + 706 8. 50 
almost a frost preceding night. 
BE lets ccscch ipo evedwecwecdccwcessacdcsaciocsedode COA RIED, bis.663505 kee cvencad +774 9- 32 
; Sr Wiese bas ddiindis bneAS bocdsecesMaeesnaueenenseese endian seangssenenntes -895 | 10.78 
‘ Se Makecteess ee oe beaches Seaettaer coal PES s civccvdésvscceucs +540 6. 51 
Dibble’s Russet: 
: Be TEdtD EN cad ebe wk Cocdabceeshbescinssedaceghanauere Voumg MOVES. .. cccccccceces - 674 8. 12 
SD [occccsccvelvc co deccecsccscceesccvassccoecscosecs GE OOS ocivodiccoscecctens 716 8. 62 
Rect cdiocndleeedeRasatecabacecoessenesscoenepbenes arti dkceukvexcntesadese 720 8. 67 
Bakaddcede Eby ckssednsbebkdoesdecsaubaveihucave re 5 
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TABLE V.—Comparative cryoscopic readings in 1922—Continued 












| the 
De- | pres- 
No.| Date. Weather and remarks. | Variety and portion of the plant. _pres- | sionin 
| sion. | atmos- 
| pheres. 
Green Mountain: 
42 | Aug. 15 | Very hot and sultry but hazy; very ei | re 0. 663 7-99 
little tip burn. 
>, BAR ASSO Ory bari ne eee eet aah Ons ee pee Ce 2 ic kaehtaereet 789 9. 50 
BINS 5 pis: cae wish cs W/o aM ate les OWN Wee Ode Pies ah SAAR ress eoreer 789 9. 50 
Ee ecck abies. cess hase xa ckevashid each okaee eeseen NES wis se cnbasecsins 485 5-84 
Dibble’s Russet: 
OD ASC ees Taree re ae Cer er iach aay eee Wee MOE: on. oe siccccccee +752 9- 06 
BLES ste asile ake evens heehee shoksaea tate tees oes CEN. Ss Sb uccakeccennes -700| 8.43 
og ORC OAT OEE TEP ee Ce eT Oy Pers TCG s sanwchesduacasee at - 708 8. 53 
a rin Chk s slo ekS-o hs ah aban ee eke ees chase actaue MI oso chi casedsece’ - 480 5. 78 
Green Mountain: 
so | Sept. 1 Bright and fairly warm with the | Young leaves. ............-. - 856 10. 31 
ground full of moisture; plants 
watered regularly. | 
BBv loci 0dcccsslew occas dans bere Ute estes cen aacebactes Ae eee +794 9- 60 
EA Se nissd edie tate AGU ee bak as HaCaT aon ee weeklies a cat okie cect besileusekes + 746 8. 99 
hk SRE INST) OES PLPC EY eRe rece Pe EE CT 5, og rererrr rrr Terrrr -530| 6.39 
rt re Plants grown in tiles under a cloth OE IEE 3 snare iocas - 672 8. 09 
shelter. | 
Oe Arts palined testes 4aankenns 44 Reena ak aaKmdaensieeen Old leaves. - 796 9-59 
BE fe os ackc acuta omlvra-eet wa eats arent meeimnes Stems...... gt +791 9: 53 
BP Picsccrswclessaues Sob avah ion seesmieene caren Meare | New tubers........ -568 | 6.84 


SUMMER OF io19 


The cryoscopic readings taken in the summer of 1919 were not as 
numerous as those made in 1918 and were all on one variety, Green 
Mountain. Unfortunately, no readings were made in early July, and 
by the time the first juices were frozen the plants were already coming 
into blossom. It will be noted that on July 13, and again on July 21, the 
juice content of the stem was higher than that of any other part of the 
plant. Moreover, on August 13, which was a hot dry day, giving the 
leaf j juice a greater depression, the leaves were in a state of incipient wilt. 

The juices from various portions of the tuber tip,as compared with 
those of the butt, or those of the inside compared with those of the out- 
side, do not seem to vary much in their cryoscopic readings, as can be 
seen from the reading on August 1 3: 

The greater depression of the juice from the aerial portions of plants 
grown in shade, is to be noted on August 7, while mosaic plants gave 
greater depressions from the foliage portions on August 18 and on 
August 28. The mosaic stems, however, showed a reverse condition. 

One of the most interesting sets of observations i is that made on pota- 
toes from Randolph, Vt. The field from which these plants were ob- 
tained is in one of the best potato regions in the northern United States, 
and the plants themselves were in splendid condition, without a trace 
of tip burn and still actively growing. It will be noticed that the juice 
from the young leaves has a markedly large depression, a fact that 
in the 1918 observations was associated with continued or renewed growth. 
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SUMMER OF 10920 


The difference in the date of the death of the plants in early and late 
varieties must lie in some factor internal to the plant itself. Differences 
of osmotic pressure in the various parts of the plant at various stages 
of growth might give some clue to the early loss of foliage and ripening 
of the so-called early types. Very early and very late varieties of 
potatoes were planted, therefore, and tests were made on them at various 
stages during the growing season. The McCormick Pink and White 
variety (reputed to be very resistant to hot weather and tip burn), 
from which some differences in osmotic pressure might have been 
expected as compared to early varieties that succumb prematurely to 
tip burn, was a disappointment. ‘he plants very early showed pro- 
nounced symptoms of mosaic and only one cryoscopic reading was taken 
of the juices. 

The season was a favorable one, as it presented a contrast to the two 
preceding years in the weather and in the time of the appearance 
and the amount of tip burn. The official charts do not show any great 
contrast in temperature, sunshine, and rainfall, but the effect on the 
plants was not the same, owing to the fact that much haze and humidity 
nearly always tempered extreme periods of heat and sunshine. The 
rainfall during June and July was almost 2 inches above normal, while 
that of August was 1.64 inches below normal. The rain was well dis- 
tributed throughout the month, however. The plants grew large and 
succulent and tubers developed rapidly. The foliage was so extreme 
and covered the ground between 3-foot rows so densely that it was 
impossible to avoid stepping on the vines. ‘Tip burn was practically 
absent until late in the season, after which it advanced fairly rapidly, 
owing to the rank growth. The tip burn was first noted about August 
19, almost a month later than it usually appears here. 

The results from the cryoscopic readings of the juices of the potato 
and other plants in general confirm in the following particulars those 
taken during 1918: 

1. The young growing portions of the plant contained juice with a 
somewhat higher osmotic pressure than the stems and a very much 
greater pressure than the old seed piece. 

2. The pressure in all parts of the plant is comparatively low during 
the early growth of the plants, rising to a maximum during August and 
dropping away during September. : 

3. The marked differences shown in the freezing points of the juice 
from various parts of the potato plant do not seem to be shown by the 
dahlia or artichoke. 

The results in 1920, however, do not agree with those of 1918, since in 
1918 the stems developed much higher osmotic pressures than the 
leaves just at the time that foliage growth had ceased and tuber forma- 
tion begun. The foliage juice at all times in 1920 showed a greater 
pressure than the juice from the stems, although there were times when it 
was almost the same. 

A few comments on the readings and tables, to bring the facts together, 
will make the relations a little clearer. 

Dibble’s Russet (a late variety) and Early Rose are the only varieties 
of which a fairly complete record was obtained during the critical por- 
tions of the growing season. ‘Tables VI and VII summarize the readings. 











) 
{ 
| 
i 
| 
i 


252 Journal of Agricultural Research Vol. XXVI, No. 6 





TABLE VI.—Comparison of juices from Dibble’s Russet during the summer 





| | | 
Dibble’s Russet. | July 2. July 12. | July 27. | Aug. 6. | Aug. 8 | Sept. 5. | Sept. 14. 
| | | 


| | 
0.614} 0.782 | 0.832) 0. 883 | ©. 89x | 0. 803 0. 856 








ccueieabatadcahtaidais | EOE ee . ee ee errr rire 
Pa ait ater .486 | . 654 .838 | . 884 | . 843 . 648 . 481 
Old seed piece........  . 492 | +303 |----.--- eet Cee ae Cee ce aD AS 
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TABLE VII.—Comparison of juices of Early Rose under various conditions 


| | } 
Planted June 25. | Garden | Garden | Field | Plants of 
Early Rose. \sandy soil, sandy soil, clay soil, | July 3, 
| Aug. 4. Aug. 8. Aug. 8. | Aug. 27. 





July 2. | July 14. July 27. 








0.573 | 0.641 0,886 | 0.832) 0858 o.912 0. QOI 

sy prep pate stars { jah naan feidais +o | . 768 | B29 |. 721 a easih bes 

sett Bite ce hie 3 ek -79t | .693| .737| «72 . 661 

ENE c.5-cnk 4M 1, SAB Arn dr acnchresaceslenss eae | 676 

ARN aly Rieigey | eed 000) OR] esc: 
j | | 








The Dibble’s Russet does not show such a marked falling off in osmotic 
pressure in the foliage juices after the heavy rains of September as 
might be expected, but the juice of the stems, especially according to 
the reading of September 14, did not produce much depression. The 
maximum readings were obtained on the juice of the younger leaves on 
August 6 and 8. It will be noticed that the depression from the juice of 
the stems on July 27 and August 6 and 8 almost equaled that of the 
young leaves and exceeded that of the older leaves; on July 2, when the 
plants were younger, the depression from the stem juice was much less 
than that from the juice of the leaves. 

The Early Rose followed in general the same general course of increase 
in the atmospheric pressure of the sap until a maximum was reached 
during late July and early August. Unfortunately, no reading was 
made in late August after the plants had started to decline. The juice 
of the stems of this variety never approximated that of the foliage in 
producing freezing point depressions. The nearly similar depressions 
observed for the juices obtained from the various parts of the plants 
grown on sandy soil and on- heavy clay soil are to be noted. The potatoes 
on the sandy soil were somewhat more advanced and the older leaves 
had begun to turn yellow, which will explain the comparatively small 
depression produced by the juice of these leaves on August 4 and 8; the 
old leaves had already begun to decline and the material to be withdrawn 
into the stem. The plants used on August 27 were planted on July 3, 
and are not comparable. On that date, they showed about the same 
atmospheric depressions in the juice from the various parts as the plants 
used on August 8. 

The difference in osmotic pressure in the juices of plants raised under 
shade as compared with those grown in the open is shown in Table VIII. 
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TABLE VIII.—Effect of shade on osmotic pressures in the juices 


(Green Mountain, Aug. 25, 3 p. m.) 





Portion of plant used. Plants in | Plants under 








open. | shade. 
pi ciara Re te ED. 
NO ica Seectisaiccncavocerudsanrc sdk vulbes as Reine | I. 061 | 0. 96 
PT UIOROIE ies ay a cil etiide si. CMMs SAU eae Eee eet as . 964 | . 82 
Sb ceqereenics ome ore gy c'eb eons bu yince's os ealbisnp quay Reniael - 947 - 763 
PIN 55-40 dcak Gy docaligh de Kad Salad Ka ee Hele 4c a Rae eee | 733 | . 681 





The Green Mountain plants used for the above experiment were grown 
in large tiles, half of them shaded with a heavy cotton cloth which cut 
off at least 50 per cent of the light. A comparison of the readings will 
show that while the plants grown in the open exhibited a greater depres- 
sion in the young leaves and tubers, the greatest difference was shown 
in the readings obtained from the old leaves and stems, especially the 
latter. ‘The older leaves on the open-air plants were beginning to suffer 
from tip burn at the time of this experiment in spite of the very great 
osmotic pressure, while those in the shade were practically untouched. 
The high pressure in the juice of the open-air stems is probably the result 
of the very much superior starch assimilation which the leaves of these 
plants were carrying on. 

A few observations were made on plants other than potatoes, for pur- 
poses of comparison. Lamb’s quarter, on July 23, showed about the 
same relations as to osmotic pressure as did the potato plant. ‘The pres- 
sure at this time, however, was above that obtained on July 14 and 27 
for potatoes. Lettuce, examined on July 28, gave comparatively low 
pressures; the plants were still succulent and tender, with only a very 
short stalk. Sap from tomato plants examined on August 18 showed 
much less osmotic pressure than sap obtained from the various parts of 
the potato plants used on the same day. However, these particular 
potato plants were beginning to show tip burn. These readings are com- 
parable to those obtained in 1918 from tomato, but the plants in that 
year were taken very much late: and after cold rains, and were conse- 
quently much lower. Lettuce, examined August 19, was tried again 
after the plants had begun to lengthen into flower stalks, but no marked 
difference is to be noted in the stem and leaf juice atmospheric pressure, 
although it is much higher than it was at the time of the earlier reading 
on July 28. 

Dahlias and artichokes should show some of the same internal physio- 
logical conditions as the potato plant, but it must be remembered that 
the tubers from them are swollen roots, and not enlarged underground 
stems. The pressures in the dahlia plant, examined August 27, are 
practically at an equilibrium, but the new tubers show the least pressure. 
The pressure in this plant seems to be much less than it was in the Early 
Rose and Green Mountain potato plants taken from adjoining rows. 
The readings on the artichoke plants on September 5, taken on a hot day 
and after the plant growth had ceased, showed very much higher pressures 
than those of the dahlia plant—in fact, they are comparable to those 
from the potato plant. This apparent anomaly shows that the juice of 
the older leaves has higher pressure than that of the younger leaves and 
tips of the stems. The juices of tubers have a comparatively high pres- 
sure, but the lowest of any of the juices in the plant. 
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All the juices of the tubers produced during the year 1920 seem to 
show a much higher osmotic pressure than those of 1918. No cause for 
this difference is apparent. It is consistent throughout the season, 
however, and so must be due to the particular weather conditions of 
that summer. 

SUMMER OF 1922 


The year 1922 was marked by the wettest June on record, so that it is 
interesting to see the effect such a period would have on the juice of the 
plants. On July 12 the juice of the old leaves had the greatest depres- 
sion, an observation that had not been made before. ‘The leaves at this 
date were all of one size, but, as the plants were in bud, the formation of 
new leaves and branches had ceased, and whatever growth was going 
on was in the form of an increase in the size of the older leaves. It is 
probable that all material was actually being removed from the tip 
(smaller) leaves as it was synthesized; and was utilized in other parts of 
the plant. On July 26, two weeks later, however, the juice of the stems 
of the Irish Cobbler and Green Mountain varieties had a very much 
greater depression, but the Dibble’s Russet still showed more in the old 
leaves. The old leaves were of almost the same sizes as the tip leaves 
in their variety. 

The plants grown under a shade showed on July 17 a lower osmotic 
pressure in all parts except the tubers than did those grown outside and 
watered regularly, so that the ground was almost moist. On September 
1, however, there was not very much difference between the plants 
grown in the open and those in the shade. 

The observations made on August 9 are of interest on account of the 
coolness of the preceding night, when the temperature sank below 40° F. 
The highest pressure seemed to be in the stems, especially in the Green 
Mountain variety. Not much change can be seen in the readings for 
August 15, although the weather then was hot and sultry. 


GENERAL RESULTS FOR 4 YEARS 


A considerable diversity has been shown in the character of the seasons, 
especially with regard to the amount of rainfall during the 4 years in 
which these cryoscopic readings have been made on the potato plants. 
The wet years were 1918 and 1922, while 1919 and 1920 were inclined to 
be dry, especially the early part of the growing season of 1919. ‘Tables 
IX and X show all the data obtained from various varieties of potatoes. 


TABLE IX.—Comparison of juices from Green Mountain plants during four years 





| July a1, | July 27, July 26, 














Portion of potato used. | 1918, | 1919. 1930. 1922. 
a | | eee. ee 
WO ARs ists 55/45 ickncseste Beet 8.07 | 8. 34 10. 02 4.91 
RE LO Oe nee eS | 7-84 | 7.78 g. 69 9. 49 
ME Src ioa asay sot wue heat a Scag Cr ake 8. 07 | Q. 21 | 10. og 10. 20 
OW CED. oe ctuccves cece teuts eehte 6. 10 | 6. 66 | 7. 67 5. 60 
— = = = = ——————— = ———— - —<<== _— = —————~ ————————— 

Portion of potato used. ont, » ase nae & | Ae 
Wena eR ese es. EE TE. NEVES 4 | BOY se whan | 7.99 
TONERS |: ra nie re v's wih}. dew deeds lens 9-75 | 8.07 | 9. 67 g. 50 
rn rt er Pre re 8. 98 | 8.15 | 7.81 | Q. 50 
PIO POE aS casnnhscrts sce scene cess 6. 16 | 6. 88 | 7: 10 | 5. 84 
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TABLE X.—General average on juices of Green Mountain variety during four years 








Portion of potato used. | 1918 | 1919 1920 | 1922 
MN o6io't hg uch ote. 0g tung 6 hin te 6 Ss | 7-54 | 9. go 10. 41 7. 04 
NOR siscicevecireceticietoncets 6. 59 10. 03 | 10. 20 | 9. 19 
COCMIB. oc occ cccesccccccveccccesévedes | 8. 74 | Q. 14 | 8.97 | 8. 56 
OE EO sccdt envi vehs eer dncevedaes 6. 30 | 7. 08 7. §2 | 6. 18 


It will be noticed that the readings for 1918 and 1922 are lower than 
those of 1919 and 1920, and that this difference is even reflected in the 
atmospheric pressure in the new tubers themselves. The high pressure 
in the stems (as compared to that from other portions of the plant) 
during 1918, and that in the old leaves during 1922, are other peculiar 
features. 


POTATO PLANTS GROWN IN THE GREENHOUSE, 1921 AND 1922 


The almost complete freedom of greenhouse grown plants from physio- 
logical tip burn and the fact that such plants will continue to remain 
green and to continue growth ought to make the osmotic pressures of 
interest as compared with those from the field. 

The osmotic pressure in the young sprouts that come from the seed 
piece is generally higher than that of the seed piece itself, but an excep- 
tion was to be noted in the Burbank and Early Rose on March 22, 1921, 
and in the Green Mountain on April 18. The osmotic pressure in the 
seed piece drops away rapidly as the stored starch is used by the plant, 
but an exception again occurs in the Green Mountain seed pieces on 
April 27, and the Early Rose on June 27, where the pressure continued 
high. The dry condition of the soil may explain this high pressure, as 
the water may have passed out of the seed piece, gradually leaving a 
more concentrated solution behind, or the plant may have been unable 
to supply water to the seed piece to remove the sugars which went into 
solution. The soii was very dry and probably drier in some beds than 
in others. 

The roots examined March 22, 1921, had the lowest osmotic pressure 
of any portion of the growing plants, as was to be expected. 

It may be noted generally for both years that the foliage maintained at 
all times a greater osmotic pressure than any other organ of the plant. 
In general, the pressures in younger tip leaves were greater than in the 
older leaves, but there were exceptions. The juice of the stems, however, 
at no time approached that of the foliage, and in this relation we have 
something radically different from the conditions in plants grown in the 
field where, at some time during the growing season, the stems always 
developed a higher pressure than the leaves. The high stem pressures 
came usually at the periods of tip burn, and the author is inclined to 
associate the two phenomena. While the plant is very active photo- 
synthetically the sugars that are so rapidly formed are stored temporarily 
in the stem to the detriment of the leaves of the plant. Shaded plants, 
greenhouse plants, and the plants from Randolph, Vt., did not show 
this abnormally high stem pressure and did not show any amount of 
tip burn. The two sets of facts may be unrelated, but the common 
occurrence is at any rate highly suggestive that they are connected. 
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The pressure developed in the young tubers in the greenhouse is like 
that in tubers grown out of doors. The average for the young tubers for 
both years is 6.60 atmospheres in the greenhouse plants of all sorts, 
compared with 6.30, 7.08, 7.52, and 6.18 atmospheres in new tubers from 
the field in the four years during which the work was carried on. The 
very dry condition of the soil in the benches undoubtedly helped to raise 
the pressure in the tubers grown in such soil. 


SUMMARY 


(1) The general results confirm those obtained in 1918; the growing 
portions, usually the young leaves and branches, have a higher osmotic 
pressure in their cell sap than in the sap of the old leaves, stems, or 
new tubers. 

(2) The growth of the top leaves may be checked, however, and the 
lower (older) leaves may show a very much greater pressure. 

(3) The stems usually show the highest pressure during the height of 
the activity of the plant (July 15 to August 20), apparently because of 
the presence of a high percentage of reducing sugars. 

(4) Potato plants taken from fields in one of the best potato regions in 
the northern States (Randolph, Vt.), even at the height of the plant 
activity, showed superior pressure in the young leaves and shoots and 
the plants were apparently still growing at that time, without any signs 
of tip burn. 

(5) Plants grown in tiles under a cloth shade have less osmotic pressure 
in the juices of the foliage parts as compared with plants grown in tiles 
in the open; the pressure in the stems and tubers is about the same, 
however. 

(6) No differences could be detected in the juices from the early and 
late varieties. Weather seemed to have more effect than variety. 

(7) Mosaic plants have a higher osmotic pressure in the leaves than 
healthy ones, but this does not seem to be true of the stems. 

(8) The osmotic pressure is greater in some years than in others, 
depending on the weather; a wet year lowers the pressure while a dry one 
raises it, especially in the new tubers. 

(9) The pressure varies much more between different parts of the 
potato plant than it does between those of the artichoke or dahlia; the 
potato seems to be in a state of unstable equilibrium. The older leaves 
of the artichoke may have a very high pressure, but the dahlia seems to 
be quite constant throughout, even in very warm, clear sunshine. 

(10) Potato plants grown in the greenhouse never developed a superior 
osmotic pressure in the stems; the pressure in the leaves was always much 
higher. The osmotic pressure in the new tubers was about the same as 
that of field-grown plants, probably because of the rather dry condition 
of the soil. 
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A METHOD FOR THE QUANTITATIVE ESTIMATION OF 
TANNIN IN PLANT TISSUE! 


By Pau MENAUL ? 
Research Chemist, Oklahoma Agricultural Experiment Station 


A search of the literature on the subject reveals no method by which 
small amounts of tannin may be estimated in plant tissue. Since a 
study of the chemistry of the grain sorghums was being made by the 
author, it was decided to estimate the tannin content of the grains. 
The method employed and the results obtained are given in this article. 


COLOR REAGENT 


The color reagent is made by boiling 100 gm. of pure sodium tungstate, 
30 gm. of pure arsenic acid (As,o,) with 300 cc. water and 50 cc. concen- 
trated hydrochloric acid for two or three hours under a reflex condenser. 
The solution is then cooled and diluted to 1 liter. This reagent is not 
affected by phenols or proteins nor is it affected by dextrose, and the 
color produced by tannic acid is stable for an hour. Since the color 
reagent used is sensitive to many reducing agents, it must be kept away 
from hydrogen sulphid and other reducing reagents. This color reaction 
is not specific for tannins, but it is evident that tannins are the only 
compounds left in the final solution which will affect the color reagent. 


PROCEDURE 


Grind the sample to pass a No. 40 mesh. Extract 20 gm. of the sample 
in a 300 cc. Erlenmeyer flask with 100 cc. of petroleum ether, stopper 
and shake occasionally, and allow to stand overnight. Then filter 
through a dry filter and wash with 100 cc. of petroleum ether in 20 cc. 
portions. Dry the sample, return it to the flask, and treat with 200 cc. 
of 95 per cent alcohol. Shake from time to time and allow to stand 
about 16 hours. Again filter through a dry filter. This method of 
extraction is described by H. C. Fuller in his “Chemistry and Analysis 
of Drugs and Medicines.” * Now take to cc. of this filtrate in a urine 
centrifuge tube, add 2 cc. of a 10 per cent solution of lead acetate, place in 
water heated to about 75° C., and leave until the precipitate coagulates. 
Centrifuge for three minutes, then pour off the supernatant liquid and 
drain as completely as possible. Add from 5 to 10 drops of 5 per cent 
H,SO, to the residue and mix thoroughly. Too much sulphuric acid is 
to be avoided, but enough must be added to dissolve the lead tannate 
and to precipitate the lead completely. Pour in enough water almost to 
fill the tube, stir, and centrifuge for three minutes. Transfer the super- 
natant liquid to a 50 cc. or 100 cc. volumetric flask and at the same time 
prepare as a control a similar flask containing 1 mgm. or 2 mgm. of pure 





! Accepted for publication July 18, 1923. 

2 The possibility of finding a practical solorimetric method for the determination of tannins was sug- 
gested to the author by Dr. C. T. Dowell, director of the station and station chemist. 

3 FULLER, Henry C. THE CHEMISTRY AND ANALYSIS OF DRUGS AND MEDICINES. ix, 1,072 p., illus. New 
York. 1920. 
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gallotannic acid from which the gallic acid has been extracted with ether. 
Add 2 cc. of the color reagent to each tube, then 10 cc. of a 20 per cent 
solution of Na,CO,; dilute the contents to volume and allow to stand five 
minutes. Compare the colors and calculate the amount of tannin in 
the sample. 

Known amounts of tannin were carried through this procedure, and 
the color developed compared with the standard tannin solution was 
found to be very close to 100 per cent. If, however, gallic acid was 
present, it was not carried through quantitatively. 

Since 20 gm. samples were taken and the tannin was extracted with 
200 cc. of alcohol, 10 ce. of the filtrate represent the tannin extracted 
from 1 gm. of sample. 

The percentages of tannin in the sorghums determined by the fore- 
going method were found to be as follows: 


Variety of sorghum: Pet cent. 
DP cos So Boe Cdr et se cet Coco Weed cambatereiWe tl puceeet een. caaebeiy ©. 06 
NGS Heh. ts GR Feld Liat Ok ES abd ey Ae. k Sad d box Ole eee eee: 
NER ciroh 2o6'5 Song Be use wy hve Fe Ae diny. cedaw ea ec ike wee eciieekls Trace 
NEE ee Ee Oe ELT Cee OR ee re PERT ee ee -15 
NE  . cik ten, Cals gives, Paeic epee aie nek Core le ae eee clea 2 
EM EN EM Neh abet scp Neres cahovbees CP evEW se Wedidewipen’s a7 
PEND. 205 S1b9 RE. Udi cUisaKNa ohio didth dich. OeDegEPaA Sao tues ck . 16 
SINS ii. 3h: 0.32 tS pragrraaex ead bie ory rune nat Fis aviniS tendon Laie ioe ak ag 
ee Ee Cr Pay Pee OC MER Sree eet 
NE vo ns sup MIG eR RC HR CE ODN Tie nee te eMC COn ee Trace 
UE NE Soe 5 foe AE Mek Goel Wh ab ee ioe Mebexictletchacd bob teen None 
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A CHEMICAL ANALYSIS OF JATROPHA STIMULOSA! 


By Pau MENAUL 
Research Chemist, Oklahoma Agriculiural Experiment Station 


The seed of Jatropha stimulosa, commonly called the spurge nettle, 
are regarded by those who have the courage and patience to gather them, 
as an excellent article of food. A chemical examination will give a clearer 
understanding of their nutritive properties. 

In appearance the seeds resemble those of the castor bean. Each 
is composed of 39 per cent hull and 61 per cent kernel. An analysis 
ofjthe kernel yields the following results: 


Per cent. 

IN hs sesh nOcg CAL KG ce ude habe oeNEe Urs Lew eg cae andnes MeV Ruane 1. 58 

DM eae eRe SORES oe.c atk SET MOE ONES TUk Ae Lod eda ties tacen tae cas 3. 50 
UNE Fos a tie hed VTL ied Ti canlan Gat dbeneundt eh ob ceeews 33-3 
EE ow ce cose shnsacnsces cat Adee date ALRR> te Matas ile Aen abies ob 2.9 

SEEN SEUR QUEUES evince a cues ev ancetncdueverrcteaderedsons ems 7.81 

UN ign dec ki'n Uclnsittinnunbcw latis nett uabolean ks keeeded ca aes §0. of 


The oil was extracted by pressure. It is a clear yellowish, semi- 
drying fluid of somewhat less viscosity than castor oil, and the taste is 
mild*and pleasant. 

An analysis of the oil gives the following results: 


GA ID i.e siveus cu derererreeruxieringie ts 0.9257 at 15.6 °C. 
Oe ae eps Sree errr ree 1.4765 at 15.6 °C. 
SUMNER ENN ININE oil o's Garp nee Ob + EMMYS Sole Kobe Deen Below—15 °C. 
MN INON seiarres os id Bie Ha es « eAEE GAC < Os kG COR mEOs 124.65 to 129.47. 
PACINO 5: care slh5. «ys GRAMS penenes ep bended 186. 4 to 186.56. 
ene THRE METIID < «wags 6 «<b. bGGa deo esa ccerexisis None. 

PMU SMENE CONOR go 0's gOc Fats s+ Dai oe Se eccenenrene Trace. 
SN Rae eee 95.6 per cent. 
Chyeetitn (ORME). «2 cop wes 6. ptecsean tes spee ca tari 4.2 per cent. 


When separated by the solubility of their lead soaps in cold benzene, 
the fatty acids of the oil were found to consist of saturated fatty acid 
15.4 per cent and of unsaturated fatty acid 83.6 per cent. After the 
oil was completely extracted from the meal by ether the character of the 
protein was examined. The solubility of the protein in various solvents 
is shown in the following table. The meal was ground to 100 mesh and 
extracted with the various solvents in the proportion of ten cc. of 
solvent to one gram of meal. These mixtures were allowed to stand for 
five hours with frequent shaking. Nitrogen determinations were made 
on the clear filtrates. 
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Extraction of protein by various solvents 











Total 
Solvent. protein 
extracted. 
Per cent. 
SAME sc kracy eye (occas abe baa sehes Senses Sakae Jreeease ihe ° 
Pg | Sn eee SP Ee OM by Rr we ea Set rr 24.2 
PMOL CONE TR c8:0ii dos biG). Sree SHARING SS AES Ta LAS RAE: Vee 32. 68 
EEC OUE s: «5. 6.0/0.0: x59 4 ig AENEID 90 00's SHUEE Sev C10 PHI LTE RE 12. 11 
CR OPENERS «56.50 05000506 0 cnedbpen Mharanar aes me cant ses aamiins 73-3 
SR RMS SS Sel cp esnn rsx cnet COs pek ns tle opens CF skmh.4 MORRO Gare 78.72 


The protein is precipitated from its saline extract by dialysis. Analyses 
of the protein by the Van Slyke method were made, using the protein 
extracted by 10 per cent NaCl and also the protein prepared by extract- 
ing with alkali and precipitating by the addition of acid—a method pre- 
viously suggested by Dowell and Menaul.’ 


Distribution of the nitrogen in Jatropha stimulosa as determined by the Van Slyke method 


Nitrogen extracted with solvent named. 

















Form in which nitrogen was found. | 
| NaCl Sol. “NAOH. | NaCl. Sol. |° 426,59" 
: | Mgm. Mom | Per cent Per cent 
fp | a, ene eee ce 520 445 [sod VALE vawes 
RIE Ns 5.55 0 stadia, Vere oss tapcarresys 58. 60 48.95 | 11.27 IT. 00 
PRM ON 5s caicstaceV a ie Cue Roansscanesens | 10.97 10.5 | 2.11 2. 36 
i ne ere mn re | Trace. | Trace. | Trace. Trace. 
PIN TN 55.0.0 69.55 4455-3 ESAS OHERS ENS SO 74. 88 64.04 | 14.4 14. 39 
MN Ws: 50 J 2ad ep OMe SUR sesnd a SheEeER 64 48 56.12 | 12.4 12. 61 
(oO! 0. eee ee heres ot ee eer ee 23.97 20. 00 | 4. 61 4.5 
TOUR TN OF GINO OCI ooo ony is ad vine 05 | 287.72 | 243.69 55- 33 54- 76 
WOM SR UIEE. ta PLR cet | §20.62 | 443.3 | 100. 12 99. 62 





Tryptophan—present. 


The seeds of Jatropha stimulosa are composed largely of fat and 
protein. The fat contains a high percentage of unsaturated fats and the 
protein contains a high percentage of histidin. 





* DowELL, C. T., and MENAUL, Paul. NITROGEN DISTRIBUTION OF THE PROTEINS EXTRACTED BY DILUTR 
ALKALI FROM PECANS, PEANUTS, KAFIR, AND ALFALFA. Jn Jour. Biol. Chem., v. 46, D. 437-441. 1941. 
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VARIETAL RESISTANCE IN WINTER WHEAT TO THE 
ROSETTE DISEASE! 


By R. W. Wess, Assistant Pathologist, and C. E. Leicuty, Agronomist, Office of 
Cereal Investigations, Bureau of Plant Industry, United States Department of Agri- 
culture, G. H. DUNGAN, Associate in Crop Production, Illinois Agricultural Exper- 
iment Station, and J. B. K&NpRICK, Assistant in Botany, Indiana Agricultural 
Experiment Station 


INTRODUCTION 


It is known that heavy crop losses due to the rosette disease of wheat 
can be avoided by the use of resistant varieties and selections, as shown 
by McKinney,’ from experiments conducted during the crop years 1919-20 
and 1920-21. Certain varieties, notably Early May and Turkey, were 
found to be apparently free from the rosette symptoms, while Harvest 
Queen (known also as Red Cross and Salzer’s Prizetaker) and Illini Chief 
showed an exceedingly high percentage of the disease. 

The experiments were continued in the crop year 1921-22, when over 
200 varieties and selections * of winter wheat from all parts of the United 
States were tested by the Office of Cereal Investigations, Bureau of Plant 
Industry, United States Department of Agriculture, in cooperation with 
the Illinois and Indiana Agricultural Experiment Stations. It is the 
purpose of this paper to present briefly the data thus obtained. 


METHODS OF EXPERIMENTATION 


The varietal experiments reported in this paper were conducted during 
the crop year 1921-22 near Granite City, Ill., and near Wanatah, Ind., 
on as uniformly infested land as it was possible to obtain. The methods 
employed at both stations were essentially the same, and one description 
will serve for both, exceptions being noted when they occur. 

During the early autumn the soil was deeply plowed and thoroughly 
harrowed. In Indiana the sowing was started on September 29, 1921, 
and in Illinois on October 8, 1921. Furrows were opened by means of 
a wheel hoe, the grain sown by hand at the rate of 1 gram per linear 
foot, and covered with a rake. The varieties were sown in single rows 
8 inches apart and 1 rod long. The seed for most of the varieties was 
supplied by the Office of Cereal Investigations. Other varieties, used only 
at Wanatah, Ind., were supplied by the Indiana Agricultural Experiment 
Station: A susceptible variety, Harvest Queen, was sown in every tenth 
row throughout the series to serve as a control on the uniformity of 
infestation of the soil. Seed of this variety was obtained from a field 
free from the rosette disease. 

This susceptible variety will hereafter be called Harvest Queen. It is 
awnless and has white, glabrous chaff and red kernels. It is sometimes 
called Red Cross, sometimes Harvest Queen, and is known locally in 
Madison County, Ill., as Salzer’s Prizetaker. All of these appear to be 


1 Accepted for publication Aug. 11, 1923. Results of research conducted cooperatively by the Bureau of 
Plant Industry, United States Department of Agriculture, and the Illinois and Indiana Agricultura} 
Experiment Stations. 

3? McKInNgEY, H. H. INVESTIGATIONS ON THE ROSETTE DISEASE OF WHEAT AND ITS CONTROL. /n Jour. 
Agr. Research v. 23, p. 771-800, 2 fig., 8 pl. 1923. Literature cited, p. 799-800. 

3 These varieties and selections will hereafter be referred to as “ varieties.” 
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one and the same variety. The name Salzer’s Prizetaker is incorrectly 
applied to this variety, inasmuch as the original variety of this name 
has brown chaff and white kernels. There is also another variety 
known as Red Cross (belonging to the Red May group) which has brown 
chaff and red kernels, and which is resistant or only slightly susceptible 
to the rosette disease. For these reasons the name Harvest Queen 
has been adopted, this being the name under which the variety is most 
often grown. 


RESULTS OBTAINED 


The plants emerged in a few days after sowing, a good stand was 
obtained, and the plants were very vigorous. No signs of the rosette 
disease could be detected in the autumn and the plants passed into the 
dormant period in good condition. However, conspicuous differences 
developed early in the spring and. continued throughout the season. 
As usual, several varieties proved very susceptible, a few proved only 
slightly susceptible, and the remaining large number of varieties proved 
highly resistant to rosette. 

The first symptom to appear, as in previous years, was the retardation 
in development of the plants. Excessive tillering followed and at a 
later stage stunting was apparent, accompanied by an abnormally dark 
green color of the leaves. Other symptoms developed subsequently, as 
described more fully by McKinney.‘ The data on the series in Illinois 
were recorded by H. H. McKinney on April 20, 1922. In Indiana pre- 
liminary data were taken by H. H. McKinney and H. S. Jackson on 
April 21, 1922, and final data were taken by J. B. Kendrick and R. W. 
Webb on May 14, 1922. The results are given in Tables I and II, which 
include the final data only. 


VARIETIES SUSCEPTIBLE TO ROSETTE 


The susceptible varieties, arranged according to classes, are presented 
in Table I. The Cereal Investigations (C. I.) accession number, or 
other source of seed, and head descriptions are given for each variety. 
The percentage of plants infected in each variety was determined on 
the basis of macroscopical symptoms of the disease. 

The relatively small number of varieties that show a high degree of 
susceptibility is very striking. The varieties “Brunswick,” Nigger, 
Penquite (Velvet Chaff), Missouri Bluestem, Harvest Queen, Selection 
from Indiana Swamp, Fultz (Kentucky Agricultural Experiment Station 
Selection), Miller’s Pride, and Illini Chief are highly susceptible. These 
susceptible varieties represent only 4 per cent of the total number of 
varieties tested. 

These results agree very closely with those obtained in previous years 
and reported by McKinney.‘ However, there are two outstanding 
deviations. For instance, Nigger appeared resistant in 1921 and highly 
susceptible in 1922, and Niagara showed a susceptibility of 70 per cent 
in 1921 and less than 2 per cent in 1922. Although only 4 per cent of 
the varieties reported in this paper are classified as extremely susceptible, 
this represents a greater number of varieties than previously has been 
shown susceptible to the disease. 





‘McKinney, H. H. op. crr. 
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TABLE I.—Varieties of winter wheat found susceptible to the rosette disease, in experi- 
ments conducted in the crop year I1g2I-22, at Granite City, Ill., and at Wanatah, Ind., 
grouped according to classes, with head characters for each and percentages of infection 





| Percentage of plants 
| infected. 


Variety. | C. I. number, or source. | Head characters.¢ ESBS ———— 




















Granite | Wanatah, 
| City, 1. | Ind. 
Hard Red Winter: | | 
Pesterboden— | 
NO aT SRD Ba BWG. oT. | 
Turkey— | | 
oa a re SC eee BWG bo | 
Soft Red Winter: | 
Alabama (Wis. No. 81)...| 5785.........+.5. AWG ° | =. 
Brown Bearded. ........ Sige ate BRG. | o | 2 
NNNGEE Gcx0:. 0005-4) SE NMon aoe stneloens veces hoeues b— | 98 
China— 
Pennsylvania Blue- | 5342............. ARG. ° | I 
stem. 
| aS | See ee ARG. ° | 
Fulcaster— 
Stoner (Marvelous). .| 3605............. BWG. ° | 
PU Oi  ADIWAL. VIGO LUG «5 des. ¢ AWG. — 2 
Me Grd ined. steeds Pi SOED  aswad sewage AWG. ° | I 
ee eee AWG. Q | i 
Fultz (Kentucky Selec- | 6896............. AWG. 80-90 | 45 
tion). 
Gipsy— | 
hs 65 cies SULA. isis cavase BWG. 1-2 | ° 
Harvest Ten (Control) | Granite City, Ill AWG. 95-100 55 
Po eee are AWG. 95-100 50 
ARTS gods atar ioe eae Kans. Sta. AWG. 95-100 
Harvest Queen— 
Kessinger........... Ind. Sta.¢, AWG. —| 5 
Illini i east nace Bk sation o Saetererrr ee ARG. 5-10 25 
1 Rae e i Pes ARG. -- 1+ 
Jones ile Bas hanes ea ea | Ind. Sta. (R. 25) AWV. _ 3 
Bist A FEI A Ind. Sta. (R. 13) AWV. — 1+ 
LR re CS rrr AWG. ° T> 
Mediterranean........... re ee ee eee BRG. ° ae 
1 MAA ae MOR i iriscse coe BRG. ° Ax 
Mediterranean— 
Miller’s Pride....... MOOG. IE. BRG. 75 20 
Missouri Bluestem...) 1912............. BRG. 95-100 75 
ee eee TL ere BWG. 95-100 go 
Penquite (Velvet Chaff). .| 3068............. BRV. 95-100 75 
_. 1 aptlss® prabarslape Stee eres ARG. ° I 
Red May— 
Enterprise.......... SOR. catieiicc. 4 ARG. ° x. 
, ds eee) RRB vie cebicd > 9/3 ARG. ° I-2 
| Sel. from Ind. Swamp V7? eee rare BRG. 95-100 40 
Cee Bh DO ROARS Syd pied BRG. I gc 
Selection No. 13631...... pe ee ee AWG. 1-2 2 
(Club.) 
Selection No. 131156..... MB 5s exe dae' BRG ° t 
Common White: 
Aer ee REE Ee Ree ARG. ° ¥. 
@ Legend: A=Awnless; B=Bearded; W= White chaffed; R=Red chaffed; G=Glabrous, or smooth 
chaffed; V= Velvet chaffed. 





d T=iess than o.§ per 


cent; o=no disease; —- =not tested at that place. 


¢ Received by the Indiana Agricultural Experiment Station from Brunswick, Germany. 


@ Rither a somewhat 


P ayain of tained semmauheat with ene Gatien mabtant vociete. 







¢ A strain descended from a single plant selection. Other varieties of the Fulcaster group to “which this 
strain is similar are generally immune. 
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The following varieties, representing 6 per cent of the entire series, 
showed infection percentages ranging from 1 per cent to 5 per cent, 
and may be classified, for the sake of convenience, as slightly susceptible: 
Kessinger, Selection No. 13631, Niagara, Selection from Indiana Swamp 
(C. I. No. 3334), Red Cross (C. I. No. 5318), Jones Fife, Brown Bearded,’ 
Fultz, Illini Chief (Indiana Station), Pennsylvania Bluestem, Poole, 
and Fultz (C. I. No. 3598). 

The Fultz wheats, noted above in the susceptible and slightly suscep- 
tible lists, are strains developed from single plant selections, one at the 
Kentucky Agricultural Experiment Station and the other two by the 
United States Department of Agriculture. The strain of Fultz, C. I. 
No. 5308, is not typical of this variety but is somewhat similar to Harvest 
Queen in appearance. Fultz, C. I. No. 1923, a variety developed by 
mass selection, showed only a trace of disease. Fultz also appears in 
the immune list, but apparently pure, being represented there by a 
number of strains which did not show infection. 

The remaining 13 varieties listed in Table I, also representing 6 per 
cent of the entire series, developed the disease to an extent of less than 
0.5 per cent, and these percentages, with one exception, occurred only 
with the series in Indiana. This slight infection possibly may at times 
be due to slight varietal admixtures present in the seed used. The varie- 
ties to which reference is made are: Budapest, Alabama, Currell, Enter- 
prise, Fultz (C. I. No. 1923), Honor, Leap, Malakof, Mediterranean (C. I. 
No. 3332 and 3467), Selection No. 131156, and Stoner (Marvelous, C. I. 
No. 3605). Each plant of these varieties in the Indiana series was 
critically examined at the final note taking and there is no question that 
the one or two diseased plants recorded for each variety showed typical 
rosette. It can not be stated definitely as to whether or not the same 
varieties in the Illinois series possessed traces of the disease. At least 
no signs of the disease could be detected at first examination. On 
account of the extremely luxuriant growth of wheat plants in the Granite 
City district, it was very difficult to locate single diseased plants. In 
northern Indiana, on the other hand, the growth was very much less 
luxuriant and the presence of one or two diseased plants in a row was very 
noticeable. 

In general, higher percentages of the disease were obtained in the 
experiments in Illinois than in Indiana. This is in accord with the 
previous results of McKinney ° and probably is explained on the basis 
of more abundant soil infestation in the case of the Granite City soil 
as shown by the quantity of disease developing in the control variety. 
Although Illini Chief had a considerably higher percentage in Indiana 
than in Illinois, this is not surprising, since this variety has given the most 
inconsistent results of all the varieties tested during previous years. 
In 1920, Illini Chief (from the Alhambra [Ill.] Experiment Station) 
showed the disease in degrees ranging from 25 to 30 per cent; in 1921, 
both the Illinois Agricultural Experiment Station and C. I. No. 5406 
strains of this variety had less than 1 per cent; in 1922, the Indiana 
strain of Illini Chief developed 16 per cent of rosette in both the Illinois 
and Indiana plats. 





6 A bearded wheat with red, glabrous chaff and soft, red kernels imported from Podolia, Russia, in 1910, 
by Office of Foreign Seed and Plant Introduction as S. P. I. No. 28588. 
®McKinney, H. H. op. cit. 
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VARIETIES RESISTANT TO ROSETTE 


Varieties and strains resistant to the rosette disease are listed in 
Table II. 


The number of varieties showing no infection by the rosette disease 
at either of the places where experiments were conducted is much larger 
than the number of those showing the disease, as given in Table I. 
Identification numbers, sources of seed, and descriptions of varieties, 
similar to those used in Table I are also included. 


TABLE II.—Varieties of winter wheat showing no infection by the rosette disease in experi- 
ments conducted in the crop year 1921-22, at Granite City, Ill., and Wanatah, Ind., 
arranged according to classes, with head characters for cach. 





| Head 
Variety. | C. I. number or source. charac- 
| ters.* 
eT —| 
Hard Red Winter: | | 
DD PIRPER EID WENN: 6 be csice conciscassccenenes oO Are | AWG. 
MIN ia bi on 65 Rene rakees pace Codhea ke cekeeues icasnacutitedd sais | BWG. 
MMM Geos vican seen eeeL Counc eae phaderdamaeuet | In + Sta... ees eeeeees| BWG. 
SE a iclsk ks care Re SV Unie cawensese okucau PR) i 
WI 32 ive andy accuse ds becs -wevetesnuntvancun’ fo Seer | BWG. 
Pathe aco eeu 4. | Kans. Sta...........| BWG. 
Mt ie cay gabe rm ods (ae ve gd eee UN ecu TRAeIE Reed Ce ge: | BWG. 
tens scectcnaxeesubanmactesuasan yes: | thepepabate + | BWG. 
Bn ay os Hes Sah KK eceheRaeed een eeaeks I aks G05 den dt tt BWG. 
IN 5565456 C4 7 RAR Ceeeaancccecckcae Kanan Sega ye | BWG. 
MEE olde ncn even Aal Te cect ks yee << dmeneelen | O8S8... ce recccevecse | BWG. 
RN sss dandsbsvacvesstesceecvessete 2 4 Sewer = | BWG. 
te CoE ME: IROOM esc ceissetvnccduswes ag SS | BWG. 
Turkey— 
EM RUUD sco cls Livescan deuserscnevedes Bi a ere | BWG. 
CS o4056 <cainigictvedcveiouscenwawoo so esas Cea | BWG. 
MN 55.27 CFURR CLA 6 CuweKnd cca Gua sannen y eR 
Es Wied 1c Coren Fe Co ce naes ceckuseucenes Saeted er, Be 
aii Rake SANs aKa ac aKeacaee conn et co eee | BWG. 
Soft Red Winter: 
I Bice ay gan acts Was 6 ee bRd OU Yo ake eae ee SO vevecacescedl | ARG. 
MIEN PUTUNO Ce oo iin vc esc teecentresennten 2 ae | AWG. 
Roem CPOE CHIME, oo Ss cei cecsccensteseveshvce es Se Sete | AWG. 
REE in ce stus iene anh os Wade dee oe can ugle es peels apap ace | ARG. 
Sn cnatnaetaiset teh canigssseensacnakasins MSs es hccvenete | ARG. 
MMM ar setiia ec ACenaL Tai teks seek eeceeen oo" Seer er 
BR oa ceemnccnge th ume 6 ¢ 7 5:hid Was eee BA ES mee BONG an ckswreslas Bie | AWG. 
UI MUNN esa scoot vena cave acess cbneehse Beetle CRON 5 Saas scsiaten | BWG. 
NUE sivtic ns ch uh gecsh os cs "peep ape a capita), RA: We kes anwar tt | AWG. 
Fulcaster (row 959 in 1918) ............0.eeeceeeedl (¢) | BWG. 
MN caack octane tents ch ote ca cen uence SADE GS YBa Bee | BWG. 
MRP ats ne abu cho 4s +4 shd-a hora Keane ss te CO Cee eer | BWG. 
Re nn seme el te c's cece he 6.6.enc ea ata ea a ee Se | BWG. 
Fulcaster— | 
Ec ta tia va pedee Catan eee Be: SR... centents | BWG. 
| Melton ghey olf ee aprile RA alae | rhagegiptscat ri | BWG. 
BROS expo nb as Gawsc cuscate ce reen’ ¢ , Bere ree | BWG. 
MM a a avoh «cates wast Sod cneaetees LSREE: nanan tl orocese BWG. 


a dagent: A=Awnless; B= Bearded; W= White chaffed; R= Red chaffed; G=Glabrous or “smooth”’ 
chaffied; V= Velvet chaffed. 

’ Tested at Wanatah, Ind., only. 

¢ Usually with black stripes. 

@ A spring wheat, fall-sown here. 
¢ From wheat breeding nursery of C. E. Leighty, Arlington Experiment Farm, Rosslyn, Va. 
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TABLE II.—Varieties of winter wheat showing no infection by the rosette disease in expert- 
ments conducted in the crop year 1921-22, at Granite City, Ill., and Wanatah, Ind., 


arranged according to classes, with head characters for each—Continued 








> Tested at Wanatah, Ind., only. 








| Head 
Variety Cc, I. mumber of source. charac- 
| ters. 
| 
Soft Red Winter—Continued 
Fulcaster—Continued | 

ESE OT eT eee eT Te ae eee | BWG. 

SIRE LEAD) Ss 6.0 ba srisig.s 0,550 80.600 0.08 7 SR ae Ee BWG. 

Reape MR Fase AR ie RR tip Slate Ate eps. rst Bis 5 6 uas dé )iea hie BWG. 
SEPERATE ire iaetetnine somes. ab tocan aan FROM a hincbscuy es AWG. 

DR Sck tp Nears Ser niees ane wna eine 0 svmneInen Oe eee eee AWG. 

Be Saw RO NMC Cee TaN Wecesh Oe Venae NOSE BUM, Seececes eset AWG. 

DUDiw a weininnnte dA Skea w eles « eeeeNs pens De Eee AWG. 

ESE REISE noe tate, Cee eer OR Ir eer MN cosa ha as aN AWG. 

BR onc pesie se SENSU LENT EN SEW ERNE CHT" Mas citargern ses AWG. 
PEE LIMIT TRIB) os sss ese cses Recksebwoversecd BOOS isch cc ceue on AWG. 
Fultz (Kentucky pure-line selection)............ CORE i cats igny seed AWG. 
EMI. 8 000s «0h sGibiawe pKa «eo es cats a A re AWG. 
ye en ery eer AER ts as oe oe O84 AWG. 
GES ar ct el RR LA er ihe oO TCE ROR BWG. 

oo UE EE ESTOS OE IEY FRc ten Bee ere MGs cance ves vc eam BWG. 
Gipsy— 

Cn a AERIS ARAE Sere CCE REL CEE eT BORE. Soca aie BWG. 
IN 5 Sarin b cep SoA DERE SNe salu es coed 0 0les 16 SN Do Re BWG. 

TR eee PI ie ae Arran ie ey FG. UR soos cwask SW 
Goe 

RERUN RL ley s5 soibd vc Vassiy e cW odes tae vedeeees ee ee BRG. 
SOOO On OPT CUR Eee ee errr ree BRG. 
Grandprize (St. Louis Grandprize).............. WORF osc vignsp ceasing ARV. 
DMI Se. i's" a'sitice Se aN Rants Cosco 8 Ato oe One oe Was Taeurie \<are AWV. 
Jones Fife— 

Pe ere ree eee Tee ee WOMEN in ace tes ee AWV. 
ey eer Se ee ee EI BWG. 
PCT i Sch ca eu teens oN pa etees ion va abae ys BOER. cin cw'sorge nce te AWV. 

Mies Sha aslcg ste Codie ak bran ikke hoon eka Ske SIDE. sc koe's0.55 0m gyre See 
REPRE RP OPE REE ee PRR ae Yr Ge 3's 
NOIRE 5 TRAN Ea reed oo Beco ten tees SOE es co naacune BRG. 

DM eis WinipioxrraSatkietunn be ciememiorsaman eerseeeren ORO er BRG. 

er ony Ct, oe ner were eee Ty eee ee BRG. 

OE 3 Fae HE AA aN SEA AERA OTTO ERA BRG. 
METRE ee ra aate cet set ceeys cote teres (is Ga. aMrane  Qee AWG. 

EE Re LUI ree ae ee WERE Ce ccsereteuen AWG. 
Ontario (Ontario Wonder). i.e. in ek ees LSS BRS Aa ae ate AWG. 
MIRE Sire sranss ocd Por OCR viv Roe Peeanws Mere eee GEER, Bids rove tia AWG. 
NE ook SiG REE oy Asp 050.5 sana ee sMas Moke I Ey ARG. 
RES SB Riri say kag Recalling TH. AR co cae ssn ARG. 
Poole— 

DENUORIRMES c's. o's. Ska vhs W'de wen te Cee vl ROMS isn dh anaes ARG. 

PERE EINER 5 c's. crite vibe s Gh ps vee s enc toasa. « Benga she hwers ARG. 
NE ch lae ie aoe ee hbainas'y’ clsvaeMouay Bagels ba PE ORs s:0s oane'ges ARG. 

ted cnc s cattails sce sea peg te hess ore oad BAO 6 sip oa'.006. or am ARG. 
Prosperity (American Bronze).................6. Re oa tet  baneas AWG. 
ND URES 5s a tsp lance be HON 6s one's Saedlgro’ GPE i cntyiny sean AWG. 

MOON, ¢ ks anaty Ciaaste bined 4.4p Clad ob RNAS LOX MOB iy. Gictas venga AWG. 
| RSE IRE fo. cont Bereta Sei hoe ape ea BOs civ cetcsppeces ARG. 
Red May— 

TEENIE. oy a, vcs cua sesso sae saasiiees SRR ARG. 

PERE. SoS OE AOA GT ag. 2 Se SS, § ARG. 

IE Sis uvesc oe nes consenned ces RUE. SER «tse on'dh om ARG. 

re fo ee ee art MGbevicia dead ini ARG. 








Nov. : 
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TABLE II.—Varieties of winter wheat showing no infection by the rosette disease in experi- 
ments conducted in the crop year 1921-22, at Granite City, Ill., and Wanatah, Ind., 
arranged according to classes, with head characters for each—Continued 














> Tested at Wanatah, Ind., only. 
¢ Frotn wheat breeding nursery of C. E. Leighty, aq Ramen Baw ~~ mame Farm, Rosslyn, Va. 
J All wheats in this group have red kernels unless otherwise 

















Variety. , C. 1. number or source 
Seer eee 
Soft Red Winter—Continued 
Red May—Continued 

PERC PGE WOMGEE 6.00 0-55. csiniels Sartre Lee we REAM UU. dcastetn ied 

Sirs nch oxrtst 310 ce is Sai hG Oks lak KON CS ee eee 

RMN REIN oy aka dn cK wide ota sananees Rs ia cone ied 

PE II 50 650.0: medias 34 s0n sen bed te ial Cy ee oe 
BE OIE sais ccs ca dn ets dc cet Orbat CaRORUET pe eee 
MDE iii ds Lhd oe clon Hep as tobe tewereueres Fe OEE 
MME aha 4s.cicenees cane’ quidee eis eget en GR. ind 288 

(REESE eres seen ren mere nine | ERG DR i ws its orl 
Russian Red— | 

MUON slates ese iorsteecatce severe catia Se A = 
I. 3.555 5S CRE De HRC aS we TRM Ee 
Mad bis dine radars’ du ands Couvad acnts ae GR Gees ordain 
ER Be asandnied nelle ove uwdidiinpece eure eae SIBOviixc. divas ewer 
GIRCNIEIES. Sicko vades car's decvcce vanes s@tGh ate del BNA 05 Uva e Aga 

| See rT ee ere rene Te rts e SHIR, 508 58.b. ces 
PIG Solid shin, Reeds CNG Bee vals Te wows ddr woe MGS cas ID. | 

wee ee eee e neem eee ee eee e ere ee teense ences Ce 
TEIN iD £65.55 5G Dy. cs. on bv einie Female Cou ue te Pe ee 
I PENNER ANS sie cc oe xds se ceesveger eee BRAS A duds yd Suateels} 
IPM GIRUEES GOS, UTS as 5s ceo ces icc cekewoecan WFIU 5. ic + Sididle w/c: Sle | 
ENED iiss IOS hea bs Sele dde cee eculs En, Ge ose:<. Jui 
White Club: 
SS Seer cere Peeters pene GIR vn yd desig AO 
Common White: 
IEE WORIIOEE, WENO. onc cave caccees suc huckaeone MD Gccxcguccenn ee 
SPI acd ss. n. 8 & nak che Kare MSE ee 8a nee Res MON oe be ene nian | 
Gold Coin— 

CIEE Sevens cols wee sce we deepens send Hickox-Rumsey Co.| 
OE UE RINIBS 5. £10)). 03. 'o% aid’ sithj<se,sanieesevemyais MOURA 4 aca: on. crete | 
= eer MM as 20 ule oe ¥ He 

Plant characters not recorded: 
ORES Not) 50d Fok 5 Sede Sid Selb ev emabre eee ee 
DEN. HVCOOE OS sire; «chs wages «Cho 58d BbEeIeeS os ee Ca | 
MI « Sdcap te, sib agli o ohsa tae Cie ale vices «ube UREA MING > See Cdb aes 
BE We Cbs 6 ic Oia ahs csliis Sith, # dice Ws «pce lde yMe Doteag MI os « be ceacee 
Purdue Hybrid (Rows 5 and 8) ®................ tees Wis sth std Sie 
Turkey x Bearded (Minnesota 47)5.............. Apes Gi idee eth 

Selections from hybrids and varieties: / 

Crimean x Fultz, row 5 in 1919. ............-00- PF cisdars \- eoaneee es | 
Crimean x Fultz, rows 6 to 9 and 11 in 1919...... Wriglale’aidtmhets Gao.e | 
Crimean x Poole, rows 27, 34 to 39, 41, 45, and 46 | ¢.......... 0.2.0.6. 
in I9I9. 
Crimean x Poole, rows 28, 29, 33, 42, 44, and 47 | €............eeeeee 
in 1919. 
Crimean x Poole, rows 31, 32, and 48 in 1919..... Went kcihe ¢ 44 cae 
Crimean x Poole, row 43 in 1919. .........0.+05- Weekacracs ofa aula chal 
Crimean x Spelt, row 26 in 1919. Giiedip a Vids eetlens th 
Currell x Fultz, ¢ TOWS 12, 13, 19, and 2 22 2 in 1919. es eee ee 
Currell x Fultz, rows 14 to 18, 21, 23 to asi in t 1919. a eT ee 
Fultz x Poole, rows 81, 86 to 89 i in I919.. , ERR oe 
Fultz x Poole, rows 82 to 85 in 1919............. OT LP. 
Genesee Giant x Mealy, row 51 in 1919.......... RL ee 
Genesee Giant x Mealy, row 53 in 1919.......... Misetii. Vili ias 0% 


ARG. 
AWG. 


AWG. 


BWV. 
ARG. 


ARG. 
ARG. 
BRG. 
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TABLE II.—Varieties of winter wheat showing no infection by the rosette disease in experi- 
ments conducted in the crop year 1921-22, at Granite City, Ill., and Wanatah, Ind., 
arranged according to classes, with head characters for each—Continued 











Head 











Variety. C. I. number of source. charac- 
ters. 
Selections from hybrids and varieties—Continued 
Genesee Giant x Mealy, row 59 in 1919.......... €, SeviigAdes, ARV. 
Genesee Giant x Fultz, rows 62 and 66 in 1919...] €......... eee eeeee BRG. 
Genesee Giant x Fultz, rows 63 to 65, and 72 in | ¢..............0.5. BWG. 
1919. 
Genesee Giant x Fultz, row 68 in 1919...........] €.... .0cccecceccees ARG. 
Genesee Giant x Fultzo-Mediterranean, rows 74, | ¢.............e0005 BWG. 
76, and 78 in rg19. 
Genesee Giant x Fultzo-Mediterranean, rows 77 | ¢.............00005 | ARG. 
and 79 in 1919. ’ 
Genesee Giant x Fultzo-Mediterranean, row 93 in | ¢................5 | AWG. 
1gIQ. 
Pennsylvania 44 x Fulcaster b................... BEE DED os 05 HeRTEN BWG. 
Spelt x Turkey, row 92 in 1919...............06. eT ee AWG. 
Turkey x Dale, row 91 in 1919.............00000% eT BWG. 
Turkish Amber x Dale, row 2 in 1919... ........| Cn... ceceveeeevses BRG. 
‘Tereien Asaber a6 DRO PIOW 4 U2 THT a. oo. occ sos) Bob Sare voseumeea ddd BWG. 
ISLOCHION, TOW 524 1 E9AT... 60. css ces eecceesl From 5661 ¢........ AWG. 
SONI 68 ists ix chur Biy. Siw so hdast Ain SR Rar SIO | Bron grgt *.........5%4 AWG. 
NN IIE 55 MES: s sis anaes rou esanaaniegles | From 1442 ¢........ BWG. 
PORLORUNAG ACOMINION F055. oi oie sss wey emine ere v0 | From 1593 ¢........ BRG. 
selection, TOW 303 im 1628... 6... eee cee eee From 3628 ¢........ BWG. 
oe ed eee From commercial | AWG. 
seed. ¢ 
RONNIE, DONBUE ook Ales EE vee srw scoiveneare Shares Dicer wichita BWV. 








+ Tested at Wanatah, Ind., only. ; 
¢ From wheat breeding nursery of C. &. Leighty, Arlington Experiment Farm, Rosslyn, Va. 
9 White kernels. 


In addition to the resistant varieties jlisted in Table II, two others 
should be mentioned, namely, Shepherd and a resistant selection from 
Harvest Queen. In 1922, in connection with investigations on flag smut 
conducted by W. H. Tisdale, G. H. Dungan, and C. E. Leighty,’ an 
increase plat of Shepherd (C. I. No. 6163) was grown on rosette- 
infested land near Granite City, Ill. In this plat no rosette developed 
during 1922, indicating that Shepherd is immune from the rosette dis- 
ease. This is of especial importance, as this variety has been shown by 
Tisdale, Dungan, and Leighty to be immune from flag smut during the 
three years tested. This variety is awnless, with red glabrous chaff, and 
has soft red kernels. It yielded well near Granite City in 1922. 

Shepherd originated from a head selection made in 1912 at Cornell 
University by one of the authors (Leighty) from plants grown from seed 
obtained from the Indiana Agricultural Experiment Station. It was 
grown in the crop year 1912-13 at Arlington Experiment Farm, near 
Rosslyn, Va., where it seemed promising and was increased. 

Aresistant selection of Harvest Queen (the so-called Salzer’s Prizetaker) 
has been developed by H. H. McKinney. It was obtained by selecting, 
in 1919, a number of heads of this variety from plants that had developed 
normally on badly disease-infested land near Granite City. This strain 





1 TispaLe, W. H., Duncan, G. H., and Leicuty,C. E. FLAG SMUT OF WHEAT, WITH SPECIAL REFERENCE 
TO VARIETAL RESISTANCE. Ill. Agr. Exp. Sta. Bul. 242, p. 511-538, 3 fig. 1923. Literature cited, p. 538. 
FLAG SMUT OF WHEAT. U.S. Dept. Agr. Circ. 273, 6 p., 2 pl. 1933. 
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apparently has all of the good qualities of the Harvest Queen variety, 
which has always been looked upon with favor by farmers, especially 
in the Granite City area. Harvest Queen is awnless, is a good yielder, 
stands the winter well, has a tall, strong straw, and produces a good, 
marketable quality of grain, of the soft red winter class. This resistant 
selection has shown 100 per cent freedom from the rosette disease when 
resown on badly infested soil in each of the three years since the original 
mass selection was made. Heads taken from this selection in 1922 are 
being grown in head rows in connection with flag smut experiments. 
It is hoped that a highly desirable strain, resistant to both diseases, 
may be obtained in this way. 

In the list of varieties that have shown no infection are many of the 
important wheats of the United States. Five important classes, hard 
red spring, hard red winter, soft red winter, common white, and club, are 
represented. These five classes comprise more than go per cent of the 
wheat grown in the country, the two classes, hard red winter and soft 
red winter, being of nearly equal importance and making up more than 
60 per cent of the annual acreage of the wheat crop. ‘The resistant 
varieties listed in Table II are those used for sowing about one-eighth of 
the hard red spring wheat acreage, nearly all of the hard red winter 
wheat acreage, by far the larger part of the soft red winter wheat acreage, 
about a third of the common white wheat acreage, and about one-fifth 
of the club wheat acreage. 

The only widely grown variety that has been found to be highly sus- 
ceptible is the Harvest Queen. Several other important wheats have 
shown a slight percentage or a trace of infection (Table I), but in some 
cases the strain showing infection represents only a selection developed 
in connection with wheat breeding, and not the commercial variety. 


CONTROL OF ROSETTE 


The rosette disease has been controlled in the localities where 
it has been found by the use of varieties that are immune from the 
disease. In the Illinois area near Granite City, the Harvest Queen 
variety (known locally as Salzer’s Prizetaker) was the principal one being 
grown when the disease was discovered in 1919. This variety is very 
susceptible to the disease. Conditions, therefore, were very favorable 
for the appearance of the disease, and it was widely distributed in 
this area in the year of discovery. Losses were heavy that year in the 
fields most severely infected. In later years Red Wave, which appears 
among the immune varieties, was largely substituted for the Harvest 
Queen variety. Fultz, many strains of which are immune or highly 
resistant, also was used to some extent. In addition to these soft red 
winter varieties, a number of hard red winter wheats of the Turkey type, 
such as Illinois 10-110 and Kanred, have been sown. ‘These hard wheats 
also are immune. 

On account of the large number of varieties immune to the rosette dis- 
ease it is not difficult to control it in farm practice. However, the pres- 
ence of flag smut in southern Illinois in the same locality with rosette is 
a complicating factor. As shown by Tisdale, Dungan, and Leighty ° 
there are several varieties that are immune or highly resistant to flag 
smut, but not so many as are resistant to rosette. The varieties resistant 
to both diseases are still fewer in number. 





§ TIsDALE, W. H., DUNGAN, G. H., and Lercuty, C. E. op cir. 








270 Journal of Agricultural Research Vol. XXVI, No. 6 





The soft red varieties, Red Wave and Fultz, now being grown in the 
Granite City area, while immune to rosette disease, are somewhat sus- 
ceptible to flag smut. The hard red varieties, Illinois 10-110, Kanred, 
etc., are practically immune from both diseases, but are not entirely 
satisfactory from the farmer's standpoint in the southern Illinois area. 
Conditions of climate and soil are not suitable for this type of wheat. 

Several adapted varieties, however, are available which possess high 
resistance to both diseases. These are being introduced into the Illinois 
area where both wheat rosette and flag smut occur. A few strains,.de- 
veloped in connection with wheat breeding operations, have not become 
infected by either disease, and these are being increased for further test- 
ing and distribution. 
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TWO DISEASES OF UDO (ARALIA CORDATA THUNB.)! 
By J. L. WEIMER 


Pathologist, Office of Cotton, Truck, and F ~y 7 Crop Disease Investigations, Bureau of 
Plant Industry, United States Department of Agriculture 


In the summer of 1920 the writer’s attention was called to two diseases 
of udo which were apparently of different origin. A specimen of one, 
a rootrot, was sent to the Office of Cotton, Truck and Forage Crop Disease 
Investigations, United States Department of Agriculture, by Dr. David 
Fairchild. The other disease was killing the udo plants in the garden of 
Dr. W. A. Orton at Takoma Park, D. C. The writer undertook to 
determine the cause of these diseases, and the purpose of this paper is to 
record his findings. 

HOST 


The udo is a species of Aralia, namely, Aralia cordata Thunb., introduced 
into the United States in 1903 by Lathrop and Fairchild from Japan, 
where it is grown extensively for food. It is a hardy perennial plant 
which produces strong young shoots each spring. These are blanched 
and used as a vegetable like asparagus. The plants are usually grown 
from seed, although they may be propagated by cuttings. They sometimes 
grow to be from 4 to 6 feet high the first season. After the first frost 
the tops die down and the plant remains dormant during the winter, 
coming up again the following spring much the same as do asparagus and 
rhubarb. The general character of this plant is apparent from the illustra- 
tions. For further details regarding its history, habits of growth, and 
methods of cultivation, the reader is referred to a paper by Fairchild (5).? 


ROOTROT 


The first specimen of this disease seen by the writer came from Dr. 
Fairchild’s farm near Chevy Chase, Md. Other specimens were received 
later from the same source, as well as from a planting at Bell, Md. What 
appears to be the same disease was reported by Fairchild (5) to have been 
present.in his first udo planting, regarding which he states, ‘The writer 
discovered a soft rot of the roots which killed a number of apparently 
vigorous plants on the farm of the Department of Agriculture at Arling- 
ton, Va., the cause of which proved to be a sclerotium-producing fungus, 
the mature form of which has not yet been observed.” No experimental 
data are given to show that the sclerotium-producing fungus mentioned 
was the cause of the disease, and Dr. Fairchild requested further informa- 
tion regarding the cause of this trouble. 

Diseases resulting from sclerotium-producing fungi seem to have 
attained unusual prominence during the past few years. A disease of 
lettuce known as ‘‘drop” caused by Sclerotinia libertiana Fcl. has long 
been known and studied. More recently a disease of sunflower (Helian- 
thus annuus L,.) has been described by Bisby (1), who did not determine 
the causal organism, but states that it is very similar to Sclerotinia liber- 





1 Accepted for publication Aug. 11, 1923. : 
? Reference is made by number (italic) to ‘Literature cited,” p. 278. 
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tiana. Lawrence (8) described a new species of sclerotium-producing 
fungus, which he named Sclerotinia perplexa nov. sp. This fungus attacks 
sunflower, as well as several other plants, causing a disease very similar 
to the one described by Bisby. It differs from Sclerotinia libertiana in 
that it has a conidial stage. A similar disease of sunflower is also de- 
scribed by Morris and Swingle (9), who state that the causal fungus 
resembles Sclerotinia libertiana very closely. Jagger (6) has described 
a new species of Sclerotinia on lettuce, celery, and other crops, similar 
to S. libertiana, except that the sclerotia are much smaller. Likewise, 
Dana (4) has reported two new species of Sclerotinia, namely, S. gregaria 
and S. demissa, which attack Amelanchier custckui and Prunus demissa 
respectively. These two fungi also have a conidial stage. 

The disease of udo under discussion has been called ‘‘rootrot.” The 
stem of the host is also attacked, but less vigorously than the roots. 
The writer has not had an opportunity to observe this disease under field 
conditions, except in the case of afew plants. In these cases the disease 
did not become evident until the plants were about three-fourths grown. 
One large plant, which was observed on October 24, 1920, had 10 to 15 
stems. The leaves were dying from the base of the plant towards the 
top, being at this time dead about two-thirds of the way up. Under the 
conditions to which this plant was subjected the disease seemed to work 
very slowly, requiring practically a whole season to kill the plant 
completely. 

The leaves, as well as the lower part of the stem of the infected plants, 
died and turned brown, and the roots decayed. A number of large, 
black, irregular-shaped sclerotia were usually present on or in the dead 
and dying stems and roots (Pl. 1, D). When small plants growing in the 
greenhouse became infected the leaves wilted, the petioles lost their 
turgidity and broke down, and the stems soon became so completely 
decayed that the whole plants collapsed (Pl. 2,B and C). Incase of small 
plants the petioles which came from beneath the soil rotted (Pl. 1, B and 
C), and under humid conditions a mass of white mycelium grew over 
their surfaces. The infected area of the stem was brownish in color and 
had the appearance of being water-soaked or scalded. ‘The small infected 
roots soon became a soft watery mass of more or less isolated cells in- 
terwoven with mycelium and later interspersed with sclerotia. 


THE CAUSAL ORGANISM 


Numerous isolations have been made by planting bits of diseased tissue 
from the interior of the root, as well as disinfected sclerotia, on sterile 
culture media. In all cases the same fungus was obtained. After 
growing this fungus on different culture media and using it in making 
numerous inoculations, through a period of two years, the writer is forced 
to conclude, as did Bisby and Morris and Swingle in case of the fungus 
from sunflower, that the fungus which causes the rootrot of udo is very 
similar to, if not identical with, Sclerotinia libertiana. The sclerotia vary 
greatly in size, apparently depending upon the nature of the substratum 
and upon environmental conditions, such as temperature and humidity. 
These, however, do not vary sufficiently to prevent the fungus from being 
classed as S. libertiana, since it has been shown by Stevens and Hall (17) 
that the sclerotia of this fungus are also variable in size. No conidia other 
than the microconidia have been found, either on the host or in culture. 
The microconidia are similar in size and shape to those of S. libertiana. 
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The two fungi also have the same appearance in culture and have the 
same maximum, optimum (22-25° C.), and minimum temperatures. 
Besides this, when udo was inoculated with an authentic culture of 
Sclerotinia libertiana, a disease was produced which was similar in every 
respect to that caused by the Sclerotinia from udo. 

Attempts to develop the apothecia from the sclerotia have been made 
several times during the past two years. Sclerotia of different sizes 
which had developed in the host or in culture were buried in or placed 
upon sand in small flasks, tumblers and crystallizing dishes. They 
were then kept moist and held in diffused light at room temperatures 
(15 to 25° C.) for several weeks. Similar trials were made at different 
times of the year in order to subject the sclerotia to different conditions 
of temperature and light. Sclerotinia libertiana sclerotia develop apo- 
thecia very abundantly in Florida, where they seem to find conditions 
very favorable during the autumn and winter months. A small quantity 
of the sclerotia taken from udo were therefore sent to Dr. I. C. Jagger, 
at Sanford, Fla., who placed them under what seemed to be ideal con- 
ditions for the development of apothecia by sclerotia of Sclerotinia 
libertiana. Here sclerotia of the latter held under the same conditions 
as controls developed apothecia, while the sclerotia from udo did not. 
At Berkeley, Calif., in the winter of 1922-23, sclerotia, produced by an 
authentic strain of S. libertiana, isolated by Jagger from an apothecium 
grown on Irish potato agar, together with sclerotia from parallel cultures 
of the fungus from udo, were placed in moist sand and on filter 
paper in tumblers and held for several months at room temperature 
(15 to 25° C.) in diffused light. In about a month the sclerotia of S. 
libertiana produced apothecia in abundance, both in the sand and on 
moistened filter paper, while those of the Sclerotinia from udo failed to 
produce apothecia, even after several months. Since the writer has 
been unable to obtain the ascigerous stage, the fungus from udo could 
not be definitely determined. It is safe to say, however, that it is very 
similar to Sclerotinia libertiana and is probably a strain of this fungus. 


PATHOGENICITY 


As stated above, the fungus has been isolated a number of times 
from the diseased host tissue. It has also been obtained by disinfecting 
the sclerotia formed in or on the diseased parts of the host with equal 
parts of 95 per cent alcohol and mercuric chlorid solution (1 to 1,000), 
washing in sterile distilled water, and then planting themonagar. The fun- 
gus thus obtained has on several occasions been inserted through wounds 
in the host and infection obtained. In these experiments the soil was 
first removed from the base of the plant, a wound was made with a 
sterile scalpel in the root or underground part of the stem, and mycelium 
from pure culture was inserted in the wound, which was then closed 
as carefully as possible and the soil replaced about the plant. In some of 
the experiments hyphae were laid against the uninjured root and covered 
with moist soil. Control plants were treated in the same manner in 
each case, except that no inoculum was used. Plants of different ages 
were used in these experiments, some being only a few weeks’ old and 
others more than a year old. Isolations were made and the organism re- 
covered in practically every case. The fungus isolated was again inserted 
in the host, infection obtained, and the fungus reisolated so that 
Koch’s rules of proof were fully carried out. For details of some of the 
experiments see Table I. 
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TABLE I.—Nature and results of experiments conducted to prove the pathogenicity of the 
Sungus from 
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Mar. 30, 1921.. i 5 | 5 | Green- | Inserted hyphae in 3 ° 
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May 24, 1922.... 3 3 | Field..| Inserted hyphae in I ° 
wounds. 

















An examination of Table I shows that only in the experiment begun 
on April 11, 1922, was 100 per cent infection obtained. In another case, 
begun May 17, 1922, only 2 plants out of 20 became infected. The 
small percentage of infection in this case is attributed to too high tem- 
perature, since a correlation was always apparent between the temper- 
ature and the number of plants infected. In no case was infection 
obtained in unwounded plants. Wounds through which the fungus can 
enter seem to be necessary. ‘Too small a number of tests were made, 
however, to establish this point conclusively. The largest number of 
plants became infected when they were growing vigorously and the 
temperature was fairly low, as was the case in the experiment con- 
ducted in April, 1922. Infection became evident in the inoculated 
plants in from three days to two weeks. The softening of the root and 
the discoloration of the stem were the first symptoms. These were fol- 
lowed by wilting, yellowing, and finally a browning of the leaves, as 
previously described. In one experiment the fungus had in 6 days 
penetrated the tissues of the host for a distance of 2 to 3 inches above 
and below the point of inoculation. The plants used in this case were 
about a year old; they were growing in pots and had been placed out 
of doors during the winter months. In the early spring they were 
brought into the greenhouse, where they began to make a vigorous 
growth almost at once; so that at the time of inoculation they were 
about 2 feet high. The writer had little success in growing these plants 
unless each winter they had been subjected for a time to a freezing 
temperature. 

The infected stems lost their dark green color, becoming grayish 
and water soaked, gradually changing to yellow, and finally to brown. 
The external tissues of the infected stem usually remained firm to the 
touch, owing to the presence of the large quantity of vascular tissue 
located just beneath the epidermis, but the stem has a large pith, which 
was soon softened. The cells of the pith were plasmolyzed and fell apart, 
showing that the middle lamellae of the cells had been dissolved. The 
decayed tissue was filled with large, densely granular hyphae, which 
appeared to find here a very favorable medium for growth. The break- 
ing down of the middle lamellae and consequent softening of the tissue 
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took place considerably in advance of the hyphae, showing that this was 
due to an enzym, no doubt a pectinase. The browning of the vascular 
bundles before the appearance of the hyphae was especially noticeable, 
although their cells did not seem to lose coherence, at least to the same 
degree as did the pith cells. This fact seems to indicate the presence of 
some toxic substance. 

In the infected roots practically all of the tissues appeared to lose their 
coherence to a greater or less degree; the epidermis, however, remained 
intact. A large quantity of sap could be squeezed from the decayed root. 
Little if any change in the color of the root took place, even when it was 
entirely decayed. The decayed tissues of the root, as well as those of 
the stem, were filled with mycelium. Sclerotia of varying sizes and 
shapes, at first white, but gradually turning black, were found through- 
out the diseased root and stem, as well as on their surfaces. The 
decayed tissues eventually disintegrated, leaving the sclerotia in the 
soil. 

Probably insects and rodents are the chief agents in distributing this 
fungus, although it is possible that the fungus growing saprophytically 
in the soil may gain entrance to the roots through root hairs, dead root- 
lets, or wounds made during cultivation or cutting. 


CONTROL 


The control of diseases caused by species of Sclerotinia has proved to 
be difficult, especially under field conditions. Where the crop is grown 
in the greenhouse or can be subjected to cold-storage conditions the 
problem of disease control is greatly simplified. However, the udo is 
strictly a field crop and, being a perennial, is grown continuously in 
the same field for several years. The practicability of crop rotation as 
a control measure is therefore not great. It is quite obvious, however, 
that certain useful precautions can be taken. Should the causal organism 
prove to be Sclerotinia libertiana, as the writer believes, its distribution 
in this country is very general, and its available hosts many and various. 
Obviously, therefore, it is difficult to obtain land free from the fungus on 
which to start a planting. For growing udo care should be exercised to se- 
lect land on which no plants known to be susceptible, such as lettuce, celery, 
cabbage, carrots, and still others have been grown for a number of years. 
It is a wise precaution to have the udo planting some distance away from 
trucking centers, where so many susceptible hosts are grown. ‘The plants 
should preferably be grown from seed, thus eliminating the danger of 
carrying the disease to the new planting on old roots. The disease may 
be brought to the field in particles of soil on cultivators or other tools, or 
by man oranimals. Since a majority of infections probably occur through 
wounds, precautions should be taken to avoid wounding the plants 
during cultivation, by cutting young shoots or otherwise. Plants which 
have become infected should be taken up at once, all diseased parts 
should be eliminated, and any soil which may contain sclerotia or myce- 
lium should be removed. If the disease is detected in its early stage and 
the plant taken up at once before sclerotia are formed, there will be less 
danger of scattering the fungus about the field. By observing these 
precautions the grower should be able to keep the disease fairly well 
under control for some time. When once the land becomes infested 
the growing of udo upon it should be discontinued, at least for several 
years. 

Nothing is known regarding susceptible or resistant varieties. 
60377—23——3 
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WILT 


While the writer was studying the rootrot Dr. W. A. Orton called his 
attention to another disease attacking udo. The leaves were turning 
yellow, then brown, and drying up. The petioles also died, and usually 
clung to the stalks for some time. Plate 3 illustrates at the right the 
naturally infected plants in Doctor Orton’s garden, and at the left those 
slightly or not at all infected. Plate 4, C, shows a healthy plant in 
blossom, used as acontrol; B, adiseased plant; A, a plant in an advanced 
stage of the disease. The plants shown in A and B were inoculated four 
months before the photographs were made. 


ETIOLOGY 


Numerous isolations have been made from diseased plants, and a pure 
culture of Verticillium alboatrum R. and B. was obtained in a large per- 
centage of cases. So far as the writer has been able to ascertain, this 
fungus has not been reported heretofore as causing a disease of this host, 
although it is known to attack a considerable number of other plants 
(10, 7, 3) 2). 

Verticillium was isolated from the diseased tissue of udo, and inocula- 
tion experiments were tried to determine its pathogenicity. Udo plants 
grown from seed in the greenhouse were inoculated by inserting hyphae 
and spores from a pure culture into the healthy plant through wounds 
made with a sterile scalpel. The soil was removed from the base of the 
plant to be inoculated, so that the underground portion of the stem and 
a part of the root were exposed; the inoculum was inserted and the soil 
was replaced. Plants similarly treated, except that no inoculum was 
used, served as controls. In one experiment large udo plants growing 
out of doors were inoculated in the same manner as described above. 

On May 23, 1921, 10 plants growing in the greenhouse were inoculated 
and 5 others were prepared and held as controls. On June 18 all of the 
inoculated plants showed signs of the disease. The disease developed 
slowly, and by October two of the plants were entirely dead, while the 
remainder were greatly stunted, had some dead leaves, and were very 
low in vigor. Plate 4 shows two of the plants as they appeared in Sep- 
tember. The fungus was recovered from about 50 per cent of the dis- 
eased plants. In most of the other cases the plantings remained sterile, 
but bacteria grew from a few of them. 

A second attempt to produce infection in udo was made on March 18, 
1922, when 10 plants were inoculated and 5 held as controls. All were 
about a year old, and had been subjected to freezing temperatures 
through the winter. When brought into the greenhouse they grew 
rapidly; by the time they were inoculated they were about 6 inches 
high. On April 5 the lower leaves of six of the inoculated plants began 
to turn yellow and die, and by June 23 most of them were nearly dead. 
Vertictllium alboatrum was recovered from four of them. ‘The controls 
remained healthy. 

To test the ability of this fungus to cause infection under field condi- 
tions, three large udo plants growing in the field were inoculated in the 
usual manner, and three held as controls. The six plants were nearly 
2 years old, having been started and grown for one season in the 
greenhouse before being removed to the field; they were about 4 feet 
high, and the stalks an inch in diameter. In three weeks the three 
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inoculated plants showed the early symptoms of the disease, and after a 
time more leaves became yellow. None of the controls or other plants 
growing near showed any dying or yellowing of the foliage. 

This disease works slowly; the tops die gradually, and by the end of 
the season some of the plants may be dead, while others are living, 
though stunted and low in vigor. The living plants may make some 
growth the following year, and the disease may require two years or even 
longer to kill a plant completely. 

The browning of the vascular system is apparent in these diseased 
plants—a characteristic of vascular diseases of other plants. The myce- 
lium was found extending down to the tips of the roots, as well as up into 
the stem. It was isolated from the petiole of a leaf about 3 feet from the 
ground. 

In order to learn whether or not this strain of Verticillium alboatrum 
causing wilt of udo would cause wilt of eggplant, the following experi- 
ment was performed. Fifteen eggplants were inoculated with the Verti- 
cillium from udo by the method described above, and 15 others were 
inoculated with a strain of the same fungus isolated from a wilted egg- 
plant. Thirty plants of the same lot were held as controls. In 15 days 
unmistakable symptoms of the disease were present in some of each set of 
inoculated plants. Three days later an examination showed that 10 of 
the plants inoculated with the fungus from eggplant were dying, one 
being already practically dead, and 6 plants inoculated with the fungus 
from udo were diseased. The remaining plants showed no signs of the 
disease, nor did any of the controls. This experiment was repeated 
later, 10 plants being inoculated with each fungus. All of the plants 
inoculated with the fungus from eggplant and 7 inoculated with that 
from udo became infected. Evidently these two fungi were identical, 
not only morphologically, but parasitically. It is of interest to know that 
these fungi were isolated from naturally infected eggplant and udo 
growing in the same garden. The udo had been planted on soil which 
had previously grown wilted eggplants. Undoubtedly the strain of 
Verticillium which causes wilt of eggplant also causes the same disease 
of udo. Carpenter (3) has shown that Verticilliwm alboatrum isolated 
from okra, snapdragon, eggplant, and Irish potato will infect okra, and 
that the same fungus from eggplant, okra, and snapdragon will infect 
eggplant. It would seem, then, that Verticillium alboatrum, regardless of 
its source, is capable of attacking a number of plants in which it produces 
a characteristic wilt disease. 





CONTROL 


Only sanitary measures can be suggested for the control of this disease. 
These may be briefly stated. Do not sow udo on land on which any 
plants affected with Verticillium wilt have been grown. It is not known 
whether or not this disease can be spread by means of infected seed, 
but it seems advisable to avoid such a possibility. If the disease 
appears the affected plants should be removed, great care being exer- 
cised not to spread the fungus about the field. Cuttings for propagation 
should never be made from diseased plants. When so many of the plants 
become diseased that the planting becomes unprofitable it should be 
abandoned and the plants destroyed. The new planting should be made 
as far away fom the old one as possible. 

There are indications that the wilt is less destructive on a heavy soil 
than on a lighter, sandy loam. 
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SUMMARY 


Two diseases of udo are described. The one is a rootrot caused by a 
fungus shown to be very similar to, if not identical with, Sclerotinia 
libertiana. ‘The other is a wilt disease caused by Verticillium alboatrum. 
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PLATE 1 


A.—Healthy udo plant used as control, of the same age as those shown in B and C 

B, C.—Udo plants 5 days after being inoculated with the Sclerotinia from decayed 
udo roots. The roots, as well as the ey have decayed. 

D.—Root of mature plant infected with Sclerotinia, showing the sclerotia present 


on its exterior, near the surface of the soil. 
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PLATE 2 


A.—Healthy udo plant used as control. 

B, C.—Two udo plants, of the same age as the control, inoculated with the fungus 
from decayed udo root. The roots of these plants were almost entirely decayed and 
would no longer support the plants in an erect position. The bases of the stems 
were also decayed, and the leaves and petioles were losing their turgidity. 





PLATE 3 


A.—Section of udo planting in Doctor Orton’s garden, showing at the right the 
diseased plants, and at the left those little or not at all affected. 
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PLATE 4 
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PLATE 4 


A.—Udo plant almost entirely dead, owing to the ravages of the Verticillium with 
which it was inoculated 4 months before the photograph was made. The base of the 
stem still shows some signs of life. 

B.—Same as A, except that the plant has been more resistant to the fungus. 

C.—Control plant, given in every way the same treatment as the plants shown 
in A and B, except that no inoculum was inserted in the wound. 
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